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FOREWORD

This report was prepared by General Dynamics Corporation, Electro Dynamics
Division for the United States Air Force under Contract F33615-68-C-1578.
The contract was initiated under Manufacturing Technology Division Project
173-8, "Design for 1 - % Million Foot Pound Dynapak Forging Machine'. The
work was administered under the direction of the Air Force Materials
Laboratory, Manufacturing Technology Division, Wright-Patterson Air Force
Base, Ohio with Mr, L. C. Polley as project engineer,

This project was under the direction of Mr. Milt Chanin, Chief Engineer,
DYNAPAK, Electro Dynamic Division, General Dynamics Corporation, Avenel,
New Jersey. He was assisted in the investigation design project by

Mr. James Koskoris, Senior Project Engineer.

The project was accomplished as part of the Air Force Manufacturing Methods
Program, the primary objective of which is to implement, on a timely basis,
manufacturing processes, techniques, and equipment for use in ecornomical
production of USAF materials and components. This program encompasses the
following technical areas:

Metallurgy - Rolling, Forging, Extruding, Casting, Drawing
Powder Metallurgy, Composites

Chemical - Propellants, Coatings, Ceramics, Graphites,
Non-metallics

Electronic - Solid State, Materials & Special Techniques,
Thermionics
Fabrication - Forming, Material Removal, Joining, Components

Suggestions concerning additional Manufacturing Methods required on this
or other subjects will be appreciated.

This Technical Report has been reviewed and is approved.

. “ ’ /
Lo T cAEl L -
H. A. JOHNSON
Chief, Materials Processing Branch
Manufacturing Technology Division
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ABSTRACT

A manufacturing methods requirement for this design study
and engineering plans was established by Awarda/Contract No.
F33615-68-C=1578 dated 22 April 1968, The 1-1/2 Million Foot
Pound High Energy Rate Forging Press which was designed under
tnis contract is a pneumatic-mechanical type press of true
counter-blow design. The machine incorporates mechanical,
hydraulic and electrical systems.

Two (2) integral opposing rams, weighing 73,000 pounds each,
and having & maximum impact velocity of 630 in./sec., create the
rated energy of 1,500,000 foot pounds. The two rams are propor-
tioned for extreme stiffness in order to support large tooling
requirements. Complete tooling interchangeability between the
upper and lower rams is provided.

The utilization of an IBM 1800 computer for design studies
and for stress analysis of key mechanical components was unique
for the press industry and enabled us to include in the programs,
the effect of more variables than can usually be accounted for,

The design incorporates unique rotating hydraulic Jack
assemblies for the external ram recocking system,

The hydraulic portion of the pneumatic high velocity
machine restores the energy released by the machine., The hy=-
draulic system is composed of two (2) 100 HP motor driving
four (4) 35 GPM pumps which provide fluid for a high performance
accunulator system. This system is capable of sustaining three
({3) successive blows of the rams within several seconds., All
tunctions are interlocked to provide maximum smoothness of
hydrauliec fluid delivery with minimum inertia shock.

The electrical system consists of conventional electrical
circuitry monitored and controlled from a single console deck.
£11 automatic events are under control of the operator. Each of
the automatic events is sequenced and functioned by separate
stepping relays which insures that all programmed events take
nlace chronologically.

The machine design provides a total controlled energy out-
rut of 1,500,000 foot pounds with the capebility of utilizing
+this energy in multiple blows.

The counter-blow principle and identical rams provides
versatility in tooling capabilities.

The composite design of the machine emphasizes simplicity,

flexibility, safety, minimum meintenance requirements and in=-
creased production capability.
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1-1/2 MILLION FOCOT POUND FORGING MACHINE
MCDEL 2L36

PROJECT NO, TB-8-MMP-25L4/123-8

I, INTRODUCTION
A, GCeneral

1. Purpose - The purpose of this program was
to develop and establish complete design and engineering
plans for a larger high velocity (HERF) type machine
having cnntrolled energy and forging capacity 3 = &
times greater tran present concepts.

2. Objective - The obJjective of this program
was to scale-up the size and energy potential of high
velocity, controlled energy (HERF) type forging machines
to establish additional capacity for larger, rn2t size,
complex forgings required in modern air and space
vehicles,

B. References

l. Standard Form 26, Avard/Contract No.
F33615-68-C~1578, Proj. No. TB=-B8-MMP-254/123-8, USAF,
USAF Systems Czl., Aeronautical Systems Div., Wright=-
Patterson AFB, Ohio, dated 22 April 1968, subject:
"Awvard of Contract."”

2. Technical Proposal, Contract No, F3361=68-R=-
1018, General Dynamics, Electro Dynamic Division, Avenel,
New Jersey 07001, dated 6 September 1967, subject:
"Design and Engineering Plans for l-1/2 Million Foot
Pound High Energy Rate Fcrging Machine."

3. Ltrs., Contract No., F33615-68-C-1578,
Project No, TB=8-MMP-254/123-8, General Dynamics Corpora-
tion, Electro Dynamic Division, Avenel, New Jersey 07001,
submitted periodically, subject: "Status Kkeport No. 1
through 14,"

II. BACKGROUNC

In early development years, General Dynamics pioneecred
high energy rate equipment. In 1958, they introduced the



first DYNAPAK High Energy Rate Metalworking Machine
(see paragraph I,B.2.). They have been eminent in
this field of equipment research and increasingly
active in the development of new and sophisticated
methods of forging parts for the aerospace age.
Prior to 1968, the maximum controlled energy poten-
tial of forging equipment was 550,000 ft./1lbs. with
a die space of 30" x 30" (see paragraph I.B.2.).
Because of the increasing demand for greater capacity
and more complex forgings, General Dynamics sub-
mitted a proposal (see paragraph 1.,B,2.) which re=-
sulted in the issuance of contract (see paragraph
I.B.1.) requiring high energy type machines of the
magnitude reflected in this report,

III., DESCRIPTION OF MATERIAL

The 1=1/2 Million Foot Pound Forging Machine,
Model 2436, incorporates mechanical, hydraulic and
electrical systens,

A, Mechanical System

The mechanical system is composed primarily
of two (2) integral opposing rams weighing 73,000
pounds each, having & maximum impact velocity of
630 in./sec. vhich creates the rated energy of
1,500,000 f£t./lbs. Omnly 1,500 psi gas ram pressure
is required to attain this energy output.

B, Hydrsulic System

The hydraulic system is composed of wo (2)
100 HP motors which actuate four (i) pumps capacity
35 GPM) to provide fluid for a uniquely stored
energy system capable of sustaining three (3)
successive multiple blows of the rems in several
seconds. All functions are interlocked to provide
maxinum smoothness of hydraulic fluid delivery with
minizmum inertis shock.

C. Electrical System

s The electrical system consists of conventional
electrical circuitry monitored and controlled by a
single console desk.

D. Physical Characteristics
(See Appendix I)



IV, SYNOPSIS
A, General

l. The requirement for this design and
engineering study wvas established by paragraph
I.B.1l.

2. This requirement was the outgrowth of
& study submitted by General Dynamics on 6 September
1968 (see paragraph I.B.2.).

3. Periodic progress reports were submitted
under separate cover (see paragraph I.B.3,).

4, A summary of computer programs and stress
analysis is contained in Appendix III.

B, Mechanical System

l. The two (2) DYNAPAK ram assemblies,
complete with separate gas chambers is the central
feature which enables the equipment to function as a
pure counter~blow machine, The two rams have been
proportioned for extreme stiffness in order to
support large tooling requirements, The proposed
design results in the greatest rigidity possible,
consistent with adequate guiding and minimum weight,

2. Complete tooling interchangeability
between the upper and lower rams is provided. This
is a significant feature since many tools, particularly
those used for forging large parts, require as much
tooling area for the upper tools as is required for
the lower tools (92" x 75" on each ram). It is also
significant that tooling can be interchanged after
starting an operation in order to obtain particular
advantages involving part removal, forming and ejec-
tion thet cannot otherwise be predetermined,

3. Detailed stress analysis was performed on
machine areas of high-stress concentration which re-
sulted in the adoption of the following:

a, A structural frame with solid one piece
sleb side supports.,



b. Integral one-piece ram=-columns having
adequate section modules to reduce point loading when
subjected to eccentric loading. (See Appendix III,
Plate III, "Bending Considerations and Side Load
Capability.") This type fcrging results in strength,
simplicity snd reliability.

4, There is a minimum inertia loading of Jjack
cylinders because the Jacks are not subjJected to eccen=-
tric forces since the loeding is in the center of each
Jack cylinder. Therefore, an additional carriage
with separate guidance and an arresting system is not
required, greatly simplifying maintenance of the machine,

S. The Jack recocking system is particularly
advantageous for quickly separating the tvo ranms after
firing., No massive mechanical pivoting locks with their
actuating gear and hydraulic controls are required.
Congequently, the system is in the ready position within
a fraction of a second, providing the multiple high
capability.

6. A single fire control valve is provided for
simultaneous firing of both rams.

7. Appendix I contains further details and
illustrations of the machine,

C. Hydraulic System

1. The crux of the high performance accumulator
system centers around a large common receiver (500 gal.
capacity) feeding three (3) identical accumulators with
a displacement of T5 gallons each, This assures almost
negligible pressure drop in the accumulators.

2, The pressure differential created by a system
of this capatity produces enough high pressure fluid for
almost immediate retraction of the four 16=inch diameter
jacks after impact.

3. The fractional time lag in piston operation
apnd the utilization of a combination of the three accumu-
lators provides the multiple hit capability with a minimunm
loss of heat to the forging.

4. The charging of the hydraulic system is accom=-
plished vy four (k) identical piston pumps, each having a
rated pumping capacity of 35 GPM. Three (3) of these pumps
ere utilized to charge the accurulator bank and one (1)



pump supplies the fluid to both the ejector block and
counterbalance systems.

5« A detailed discussion of the high performance
accumulator system is contained in Appendix II,

D. Electrical System

l, The electrical system is ccuntrolled and
monitored by an operator utilizirg an Electrical
Operating Console and a Control Stand.

2. The automatic events which are under control
of the operator are as follows:

a. Main Automatic sequence.

b, Jack rotary locks,

c. Prefill or Jjack rapid advance cycle.
d., Jack retraction cycle,

3. Each of the automatic events 1is sc¢oruenced
and functioned by a separate stepping relay, which in-
sures that all programmed events in each category take
place chronoclogiceally.

4, The stepping relay is so cGesigned that if
a malfunction occurs, such as a valve opening out of
sequence, the integral permission light would not
advance to its next successive position on command,

5. The system also contains a ready light which
indicates that all safety features and initial conditions
have been satisfied before the system becomes functional.

6. If the stepper fails to advence on command,
or the system fails to function, the operator can view
the last numbered position of the stepping relay through
a transparent panel on the control stand or console and
take appropriate action for subsequent trouble-shooting.



T« A detailed discussion of the electrical
control system is contained in Appendix IV, Line items
not specifically referred to are contingency steps re-
sulting in the function of a major component.

E. Miscellaneous

l., Liaison was established with Lindberg
Hevi=Duty, e Division of Sola Beiic Industries, Rahway,
Nev Jersey, to select an electric furnace vhich would
be compatible with the overall design of the machine
and which would satisfy all requirements as dictated
by the intendesd usage of th: machine, (See Appendix V,)

2. As a result of this liaison, it was determined
that two (2) rotary electric furnaces would be suitable
for installation on the foundation of the machine in its
proposed configuration., (See Appendix V, Drawings D66-10
and VD=-181.)

3. Each rotary furnace is 20'-0" in diameter
and hat# a hearth width of approximately 3'-2". The
heating capacity of each furnace is 5000 pounds per hour.

4, It is feasible to consider thet one furnace
could be used for pre-heating, thereby offering consider-
able flexibility in preparing unspecified materials for
forgiag.

S. By utilizing both furnaces in conjunction
with each other would result in a greater hourly output
capability, at the same time retaining the potential of
reheating forgings if temperatures shouid decrease ex-
cessively.

V. CONCLUSIONS
It is concluded that:

A, This design proposal provides a total controlled
energy output in the magnitude of 1,500,000 foot pounds,
with the capability of utilizing this energy in multiple
blovws,

B, This high energy potential provides the nachine
with the capacity of accepting larger and more complex
forgings.



C. The multiple-~impact principle provides high
energy output transfer into a workpiece over a
negligible time period, resulting in minimum lose
of heat to the forging.

D. Multiple blows at varying energy levels vwill
reduce the possibility of forging tool) failures,

E. Controlled energy output will permit an
impact energy capability consistent with the require-
ments for varied type forgings.

F. The counter-blow principle provides versatility
in toocling capabilities.

G, The composite design of the machine emphasizes
simplicity, flexibility, safety, minimum maintenance
requirements and overall increased production,
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SPECIFICATIONS AND RATING
E - S L EE L AT LA Y 111

Energy l-1/2 Million Foot
Pounds at 1500 psi
Gas Ram Pressure
(Upper and Lower

Ram)
Upper Ram Weight 73,000 Pounds
Lower Ram Weight 73,000 Pounds
Maximum Velocity at Rated Energy 630 Inches per
Second
Die Area 92 Inches x 75
Inches
Daylight T Feet, 0 Inches
Stroke (Total) 3 Feet, 0 Inches
Overall Height 29 Feet, 4 Inches
Overall Width 18 Feet, 1 Inch
Overall Depth 9 Feet, 2 Inches

GENERAL DESCRIPTION

The 1=1/2 Miilion Foot=Pound High Energy Rate Forging
Press, Model 2436, which has been designed under this
contract is & pneumaticemechanical type press of true
counter-blow desnign.

MAIN RAMS

The mechanical system is composied primarily of two
(2) integral opposing rams weighing 73,000 pounds each,
The two (2) rams are controlled by individual pneumatic
actuators wvhich are capable of driving the rams at a
maximum impact velocity of 630 in./sec. which creates
the rated energy of 1,500,000 foot pounds. A sketch of
the oppored ram arrangement is shown on Plate I.



It wvas necessary to design these rams so that adequate
section back-up would be furnished to the large die dimen-
sions which were specified with respect to stress and
deflection of the main ram members, The section modulus
is adequute to sustain loading substantially off the
centerline of the press, ¢

Results of our early computer studies confirmed our
preliminary computations that the original specification
velocity of 800 in./sec. could not be obtained with a
conservative design or without certain unfavorable cone
promises,

The most significant part of this design is that
both upper and lower ram bolsters are identical, Equal
tooling areas in the two bolsters makes a larger class
of work possible, particularly in coining where the upper
and lower dies may be almost equal in area., The complete
tooling interchangeability between the upper and lower
rams is advantageous also in obtaining particular ad-
vantages when a forging operation is being started. This
could involve problems of forming, part removal and
ejection that might not otherwise be predetermined.

At an early stage of our design effort, we sourced
primary forging vendors to determine if the proposed .
large ram forgings could be produced in one riece, The
response was affirmative which resulted in further sim-
plification of these important members.

The proposed design results in the greatest rigidity
possible, consistent with adequate guiding and minimum
wveight.

EJECTORS
Both rams are equipped with hydraulic ejectors
capable of 60 ton knock-out force with a maximum 8 inch

stroke.

POWER SQURCE AND TRIGGERING SYSTEM

The machine is controlled by our patented triggering
and sealing system. The power source to propel the ranms
is the Dynapak basic actuator, This is the same basic
power source used on production model Dynapak machines, 4
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The energy stored in compressed gas is released through
8 quick opening valve to propel the rams together at
high velocity, Individual, but identical fire chambers
are provided for each ram.

The fire chamber and seal base concept is shown in
the drawing on Plate II.

The heart of any high energy rate machine is the
valve used to release the energy of the stored compressed
gas to act on the two opposed rams,

VALVE SEQUENCE

The Dynapak valving technique is extremely simple
and production proven, It is illustrated, in sequence,
for one ram oaly on Plate III,

1. The external hydraulic recocking jacks are
engaged and actuated, moving one ram up and
the other down., The residual driving pressure
in the gas chambers is overcome causing the
gas to assume its original volume and pressure
in each chanmber,

2. The valves are cocked when the ram heads seat
against the main seal base, The original
amount of gas required to trigger the system
is trapped above the ram caps inside the
main seals,

3. The small emount of trigger gas trapped above
and below the two ram caps is vented to
atmosphere. The external rotary jacks are
then rotated 90 degrees and the machine is in
static balance ready to perform a forging blow,

i, A small volume of high pressure gas is admitted
into the areas inside the seal base ring., The
slight downward movement of the rams away from
the main seals allows the gas pressure in the
chambers to act instantaneously over the entire
aree of the ram column. One ram is driven
downward and the other upward by the equal and
opposite gas forces, Each ram is acted upon
with equel thrust and momentum, but in opposite
directions,

11



When the two rams mecet in midestroke, the useful
work 1is accomplished in the die area, All forces
generated are absorbed in the work piece or are can-
celled out leaving the machine free of stress and
vibration,

To provide for the next forging cycle, the external
hydraulic jacks (4) have followed the two rars as they
were being driven together., Upon engagement with the
rams, they rotate 90 degrees and make locking engagement
with the rams.

The hydraulic and accumulator system described in
Appendix C now rapidly separates the two rams, allowing
for ejection of the work piece and preparation for the
next cycle., The recocking of the rams by the external
hydraulic Jacks has again inititated the valve sequence
described in paragraph (1).

A single fire control valve is mounted equidistant
from each high pressure gas chamber and common fire
pressure is utilized in both chambers. This eliminates
the need for a mechanical back=up triggering system,
Accidental misfiring of one ram only is eliminated
since when one ram fires, full fire pressure is then
free to act on the opposite ram, firing it as a reaction,

The machine can be operated from either compressed
nitrogen or high pressure compressed air, There are no
hazards in using compressed air wvith the Dynapak actuator.
Since the volume of gas required is rather large, eco-
nomics would dictate the use of compressed air. We have
included an adequate high pressure air compresaor system
and receiver in our design,

EXTERNAL HYDRAULIC JACKS

The rotating Jack assemblies are shown in the drawing
on Plate IV, By utilizing this unique external recocking
system, we were able to simplify the machine in several
respects,

1. Internal Jacks would have had to be incorporated

in the lower bolster which would have interfered
with the effective tooling area.

12



2. Locating the hydraulic jacks on the top and
bottom of the press removes them from the
damaging area of forging scale and heat.

3. There is minimum inertis loading of the Jack
cylinders. The Jacks are not subjected to
eccentric forces since the loading is in the
center 2f each jack cylinder. Therefore, an
additional carriage with separate guidance
and an arresting system is not required,
greatly simplifying maintenance of the machine.,

L., The system is advantageous for rapid separation
of the two rams efter a forging bvlow,

5. Note that double back-up seals were designed
into this system to minimize down time due to
0il leakage, 0il leakage has piegued many
previous high pressure hydraulic installations,
& fact which justifies the back-up system,

MACHINE PROPER

Plate V shows an artist's sketch of the assembled
machine,

Plate VI shows a cutaway view of the assembled machine,

Plate XVII is a cutawvey view of the machine with key
features identified to the Btress analysis report. (This
plate will be found in Appendix C.)

Exanination of these layouts as well as the stress
analysis details will show that the outer structure design
is adequate to contain moderately severe eccentric loading
forces. The counter-blow system does not introduce any
inertia loading into the outer structure,

The structural frame jiucorpc-utes solid one piece
slab side supports. These solid slabs provide support for
the adjustable gib system.

Note that full length gibs are employed and that botl
rams are fully contained by the gibs throughout their
entire strokes,

Further de¢sign details on the support structure and
the gibs is contained in Appendix C.

13



MACHINE OUTPUT

The machine is rateo copservatively as far as
developed energy is concerned.

The 1,500,000 foot pound specification energy isg
developed with only 1500 psi Gas Ram Pressure.

The machine has reserve capacity; however, since
the fire chumbers and the triggering system are de-
gsigned for 2000 psi Gas Pressure which has been the
standard on all Dynapak production machines.

The final dynamic computer run (see Appendix III)
indicates that with fire pressure set at the design
l1imit of 2000 psi and taking into account a computer
integrated allovance for U-cup seal friction during
the adiasbatic gas expansion in the two fire chambers,
the developed energy will be slightly in excess of
2,000,000 foot pounds.

A Theoretical Energy Diagranm, Draving BG=-10525 and

a Theoretical Ram Velocity Diagram, Drawing BG-10526
are included for reference purposes.

1k
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OPPOSED RAM ARRANGEMENT
PLATE 1
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SEAL BALANCE CONCEPT
PLATE II
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VALVE SEQUENCE
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APPENDIX II

High Performance Hydraulic and Accumulator System
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The hydraulic portion of a pneumatic high velocity
machine restores the energy released by the machine,

This Hydraulic and Accumulator System is capable
of furnishing approximately 4,500,000 foot-pounds of
useful energy. This energy is tc be delivered by means
of & new concept over three successive blows of 1,500,000
foot-pounds.

Since the first use of HERF machines, ten years ago,
there has been & trend to increase the energy delivered
to the workpiece and to reduce the time required to
complete a single cycle, Within the last six years,
machine cycle time has been reduced from twenty seconds
to an average of six seconds per cycle.

Equipment sold to date has had an energy output in-
crease from 140,000 to 225,000 foot-pounds,

It was evident that this double demand for greater
power with a faster delivery rate would increase both
the size and importance of the role the hydraulic power
unit plays in restoring energy to the high velocity
machine.

In the design of the 1,500,000 foot-pounds machine,
top priority was given to making the hydraulic system
poverful enough to have equivalent or better cycle time
“han present machines,

In addition, the desirability of multiple, quick
succession blows which would allow the energy delivery
to be doubled or tripled in a short period of time has
been desired by many users, It was decided that this
capability would be highly desirable on the 1,500,000
Toot pound machine,

To achieve this high performance without unusually
large plumbing and a large number of pumps and motors,
it became obvious that & large accumulator stored
energy system would have to be incorporated in the
design,

This decision to employ a modern, large capacity,
piston accumulator system enabled us to utilize standard
proven motor and pump components for the pumping station.
Two (2) 100 HP, double shaft motors drive four (4) Dynex,
35 G.P.M., piston pumps to provide fluid for the accumu-
lator system, This pump and motor combination has been
field proven on our production model 1220D Dynapak machines.
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We have concentrated considerable effort over the
past several years on the improvement of the hydraulic
system on our standard line of Dynapak machines, and
these field tested improvements have been incorporated
in this design.

All valves are sub-plate mounted to mauifold blocks
to reduce the number of pipe joints and the usual
associated problem of leakage,

All velves and lines are adequately sized and all
functions are interlocked to provide maximum smoothness
of hydraulic fluid delivery with minimum inertia shock.

The system has been designed for petroleum~based
hydraulic fluid, Our owvn experience with the fire-
resistant fluids, particularly the phosphate-ester
types, has convinced us that they are a primary source
of field maintenance problems. Also, their poor
lubricating qualities and low viscosity index, cause
wear on the finely machined parts of sophisticated
systens.

The first concept for the accumulator system is
showvn in the hydrsulic schematic on Plate VII,
Advantages which would result from this first design
approach are as follows:

l., A minimum of connecting piping would assure
practically no pressure drop between high and
low pressure stored systems. (To reduce prefill
FPlumbing to & minimum and get perfect symmetry,
a separate prefill vessel for each jack cylinder
vas planned,)

2. An unusually symmetrical, almost pipeless, high
pressure accumulator piping arrangement was a
key feature, Unfortunately, several disedvan-
tages of the first concept became apparent,
They are:

1, Identical systems for tro and bottom Jacks
wvould be required. There’ore, two sets of
hydraulic pumping equipment would be required,
giving rise to unnecessary complexity.
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2. The multitude of pressure vessels required
considerable space both above and below the
floor and considerably reduced access to
mechanical members at the top of machine.,

3. The arrangement would have required six
accumulators protruding above the floor in
the same relative location as the upper set
and this would reduce access to the machine
at floor level.

4, It was difficult to determine a location for
the gas receiver bottle on the lower set.

5. Heavy hydraulic equipment on the top of a
forging machine gives an unfavorable weight
distribution to the machine assembly and
has disadvantages in maintenance when leaks
can drip down to the forge shop. Access by
means of high ladder is less attractive than
descending a stairway to a hydraulic roon
located below the floor out of the forge shop
environment,

Safety considerations in having the tanks and
pumping station out of the furnace and forge
environment are obvious.

COMPUTER STUDY OF ACCUMULATOR SYSTEM

A complete study of a branch pipe system was made
to study the effect of pipe length and friction on
system power losses for any particular system studied,
From this study, it was found that allowing three
seconds for retracting both Jack systems 36 inches,
caused a pressure drop and the resultant horsepowver
losses were very low, The plumbing system model of
the computer study is shown on Plate XII. The
hydraulic accumulator system study is discussed in
Appendix ITI,
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PLATE NO, XII

36"
[‘_S--t'.roke-.1

Accumulator
' 1
3500 | ! : ]
PSI i
! Gravity Tank j ?
S : T
;’ 2,62 I.D. 2.12 15
| 1
1 X
|
- m— 40 FPt, Lg. - -
—16" I.D.

Allowing two seconds for full retraction produces
a loss of 215 horsepover and pressure drop of 235 psi
for the above piping network. Considering that the
main work power is 1917 at this velocity, an overall
efficiency of power delivery will still be an attractive
T;I%g%lsig x 100 + 90%, The final piping network will
have a lower resistance since it will utilize an 8XX and
6XX header from the accumulators to the rod connections
of the jacks, The inside diameter of the 6XX pipe would
be 4,9 inches and would carry 587 GPM at one foot per
second. Consider the .- ‘er jack set taking the computer
value of 1568 GPM, The iu.ximum velocity through the 6XX
pipe would only be --g—1 68 . 26 - 1/2 FPS. At this velocity,

58.7
pressure drop and power loss should be neglible for the

lengths involved, Note that such large pipe sizes allow
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the four 16 inch diameter Jacks to retract at an average
rate of nine inches per second. At this rate, they will
be delivering 1917 horsepowver (as previously discussed)
to the gas ram systems and will be accepting 1568 GPM
from the accumulating system, which will only produce a
26 - 1/2 FPS velocity through the 6XX supply header pipe,

SUMMARIZING PRINCIPAL ADVANTAGES OF FINAL SYSTEM SHOWHN IN

PLATE VIII COMPARED T0 PLATE VII

1. Minimum redundancy - Single vessels for the prefill
and gravity sump tank are located in a separate
room.below the floor.

2. Accumulator =~ One set of three accumulators located
in the hydraulic room below the floor replaces
twelve accumulators originally located on the side
of the machine.

3. Accunulator Drive -~ The need for two pumping
systems is eliminated with a common accumulator
drive for upper and lower Jjack cylinders.

L, Minimized Water Hammer - Minimum inertia effect is
retained by still mounting the main control valves
close, (within six feet) to cylinder control ports,

}ULTIPLE HIT CAPABILITY

The hydraulic diagrem, Plate VIII, shows that the
three 75 gallon piston accumulators are the heart of
the design. They store enough high pressure fluid to
immediately retract the four, l6-inch diameter Jjacks
after impact.

Due to the large capacity of these accumulators and
the need to keep piston velocities reasonable, it was
decided to design special accumulators having the
t'ollowing features:

1. Use a 15-inch diameter bore to keep total package
length more manageable,

2. Utilize a special 1/2-inch diameter urethane
o-ring as a piston seal,

3. Utilize wear rings on either side of main segl,
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Porous chrome-plated bore reteins lube and reduces
seal friction. Items 2, ® and 4 are based on our
successful experience wit: ‘gh velocity actuators.

Design utilizes 2-inch tie bolts rather than
threaded cylinder. (Large threads tend to be
troublesome on disassembly.)

Incorporate piston dashpot on fluid end to
eliminate mechanical shock on bottoming.

The gas heads of the three accumulators have

2-inch NPT connections permitting their connection
to & 500 gallon receiver that will assume full usage
of the stored fluid in each accumulator without
excessive pressure drop.

CAPABILITY OF STORED ACCUMULATOR POWELR

Consider the accumulator arrangement in its ready

condition, Plate VIII, ©Note that all three accumulators
have a common large receiver assuring them of almost
negligible pressure drop for their displacement of 52
gallons.

PLATE XIII

EXAMPLE OF FLAT PRESSURE CHARACTERISTIC OF SYSTEM

500 Gallon

ASME RECEIVER

ll . — ™ 2" High PR Hose

1
! ' ) =g 15 Dia, Bore

-sf—— Dashpot to decelerate
piston bottoming shock

——=3 xx Pipe high PR Flange
- for fluid output
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Assume P1 = 3000 PSI 1,38

v P
. 1 2

For adiabatic expansion - = =

Py Vp =Py V2 1.38 1.38
P, = (500) = (.895) = .86
Pl 558
Hence P, = 3000 x .86 =

2600 PSI
EASE OF CONTROL

To maintain meximum spred consistent with minimum
shock of cylinder movement, both the gas precharge for
the accumulators and ¢il fill pressure are separately
adjustable, providing naximum flexibility., In this
vay, stored oil energy cen be varied in almost a limit-
less number of combinations of stiffness of accumulator
as compared to stiffness of gas ram proper.

ACCUMULATOR CHARGING CIRCUIT

Accumulator control on the operating conscle is
shown on Plate X, A schematic diagram, illustrating
the accunulator automatic drain to the tank when the
control is shut off is also indicated on Flate X,
This permits a reading of the common precharge to
all three accumulators and simple adjustment from the
console,

CYLINDER SHOCK CONTROL

By matching the precharge gas accumulator pressure
to the gas pressure in the machine cylinders, the
optimum chocice of mechanical high speed operations of
the Jack cylinders consistent with minimum hydraulic
shock to the system can easily be met,

SEPARATE ACCUMULATOR DISCHARGE CONTROL BY TIMERS
On Plate X note that the accumulator #l-l is always
connected to the output header, Its rate of delivery

can be controlled by throttling valve TH-l, Consider
the accumulator as a fixed output pump that is always
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available to retract or clamp the Jacks up at a velocity
that would introduce negligible mechanical shock on
bottoming. Its companion accumulators, labeled Acc,

l-2 and Acc. 1=3 act as short burst high performance
devices that are capable of instantaneously separating
the lack cylinders after forging. Continued movement

at this high velocity would produce excessive mechanical
strain on the machine components. Although each Jack
cylinder (Plate IV) is furnished with a dashpot orifice
plug and an integral check valve to cushion retraction
at high speed, the machine will perform smoother with a
slov down speed before bottoming on the retraction stops.

For example, assume that only one hit will be made
and it is desired to get maximum (almost instant) release
of energy from all three accumulators. Refer to Plate XI
and set the timers for Acc, 2 and 3 to go on after .l and
+2 second delays, to stagger the input shock pulse and
g0 off at ,6 and .8 second bursts regpectively, This
simple procedure will make the accumulators release
energy in .5 second bursts staggered slightly, both going
in and out to achieve uniform acceleration and deceleration
of the ram systems. The throttling valve opening in each
accumulator line can be adjusted to control the "accumu-
lator burst velocity" to velocities between 6 and 2L
inches per second,

TYPICAL SETTINGS OF CONTROLS FOR THREE HITS

The time setting of both accumulators, 2 and 3 above,
may be left for ,5 second total duration bursts slightly
staggered so that they can both be released together on
the last hit,

Set the controls on Plate XI as follows:

Repeat Hit Selector Set To

Acc. #2 Hit 1 gn
Hit 2 orf
Hit 3 On

Acc. #3 Hit 1 ore
Hit 2 On
Hit 3 On
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The following discharge - juence will occur as the
rams hit the closed die fo 4 three successive blows.

Hit 1 = (1) Acc., #1 = fixed opening of 6 inches per

second
(2) Ace, #2 = will cut in .l second later

than Acc. #1 and stay in .5 second,
boosting sy~ed another 6 inches per
second to 12 inches per second bdbut
will drop out before the jacks fully
retract.,

Same as 1.

Acc, #3 will perform tesk as above in
#2 except for an additional .l second
delay.

Hit 2 = (1
: 2

—~
—

Hit 3 = (1) Same as 1,

(2) Both Acc. #2 and #3 will give the fiaal
blow retraction the highest speed,
possible up to 30 inches per second and
sequence the power bursts for mininum
shock.

SIMPLE POWER RELEASE CONTROL

Large amounts of hydraulic power discharge are
controlled by selector switch and solid state timers
are easily pre-set by the console operator,

It is clear that by console choice of timing barsts
and setting of accumulator trrottling valves, almost
infinite control of stored hydraulic pover can be effected.
For short bursts of energy release it is conceivable
that flow rates from the thrce accumulators in excess of
3137 GPM, and developing useful work overcoming 'zas
cylinder load in the main c¢ylinders exceeding 5:35 horse-
power, will be accomplished with high efficiency. These
figures are taken from the first line of the computer
printout sheet and correspond to a Jjack velocity of 18
inches per second against an almost constant gas load
of 1400 PSI in the main fire chambers, The equivalent
hydraulic balance pressure in the Jacks is 2094 PSI.
Since the accumulator design capability has been set at
3500 PSI, if follows that considerable power is available
in the accumulators for achieving any reasonable velocity
desired,
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CONTROL OF ACCUMULATOR POWER BY MEANS OF TWO SIMPLE
FINGER TIP CONSOLE ADJUSTMENTS

l, Console operator cen read common accumulator pre-
charge by shutting off control and dumping stored
oil bsck to gravity tank, Individual 1 inch
pilot operated checks, connected to each accumu-
lator, will release the stored pover making the
system safe for maintenance and permitting the
precharge to be read on the console, Plate X.

The op=rator can nov add or subtract precharge
nitrogen by means of a fill and bleed set of hand
valves ou the conscle., This control permits the
operator to harness the power output of the accu-
mulators in the same manner that the main energy
releagse within the fire chambers is controlled.

2. The operatour can also vary the fluid chaiging
pressure by varying the console pressure switch
and adjustment screw that bypasses the accumulator
pumps vhen the desired high pressure is reached.
He has a similar adjustment for the cut-in or
low pressure point at which the pumps will begin
to charge the accumulator, Console lights,
adjustment screws, and accumulator pressure
gauge make this setting simple and easily ead-
Justabdble.

HIGH VELOCITY PLANISHING

The finger tip adjustments make ratching the stored
fluid power in the accumulator to the stored gas pover
in the pneumatic mechanical portion of this machine
practical, thus permitting for the first time, the
concept of anigh velocity planishing with multiple blows.

PREFILL VESSEL DESIGN

Stahilization of fluid level will be achieved by
three ultra-sonic detectors located in the vessel wall.
Excessive or insufficient fluid level will automatically
cause a correction using accumulator fluid to add to or
extract trom the fluid in the gravity vessel.

SEQUENCE INTERLOCKING FOR MAIN CONTROL V= '*VES

All rritical controls have interlocing, based on
pressure switches that sense static and dynamic fluid flow.
For example, consider the main return outlet valve, 1T-1
in Plate VIII, Both these valves are pllot operated
checks and have counterparts for the lower cylinder systen
denoted 1T-1A and 1lT=2A,
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P_.ate IX indicates four distinct modes for any cylinder,
All pilot operated checks used for main f.nctions such as
accumulator flow control utilize double acting cylinders
for better control. Each of the above mentioned modes of
flow are measured oy pressure switches and remembered by
relays, thus intzrlocking the circuit to ensure that a
return to tank valve has closed before admitting accumu-
lator fiuid to the cylinder.

Plate IX gives a detailed study of the rilot controls.

To reduce effect of fluid inertia or water hammer we
elected to place the main control valves, inlet 1 and 1A
and outlet 2 and 2A, as close to cylinder ports as practical
and control the respective inlet aud outlet operating
cylinders with single valves as shown in Plate IX.

A simpler arrangement would be to use a single larger
valve to replace 1, 1A and 2, 2A. However, the much
longer piping network necessitated by this approach would
increase the water hammer effect.

In order to ensure proper sequential control, pressure
switches placed about FIXED HYDRAULIC ONE WAY IMPEDANCES
are used to signal the difference between dynamic and
static conditions of the cylinders controlling the main
pilot operated checks,

By means of a "TRUTH TABLE" based on the outputs of
these pressure svitches, proper sequential relay signals
from these pressure switches can be used to signal a
stepping relay to stop the machine cycle or go ahead to
the step if conditions monitored by the pressure switches
are OK, The "TRUTH TABLE" arrangement of the pressure
switch contacts act as limit switches within the operating
cylinders and flow switches to detect movement of the
cylinders in a particular direction. Hence, after the
control v.lv: solenoid has been given a signal to "D0" a
task, feedback from the task must also take place before
driving the control stepper to its next event position.
The operator at the console receives an indication of
wvhere the automatic is at any instant by means of a
digital readout device on the upper right hand portion
of the consoie desk, Plate XIV,
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TRUTK An indication of "TRUTH TABLE" logic that can
TABLE be stored by relays is indicated below for the
LOGIC " pressure switches in Plate IX.
Note: All pressure switches are set at some
pressure less than that created by the ima
pedance of the fixed orifice under flow,
KEYcwavama X DENOTES CLOSED
O DENOTES OPEN
& DENOTES UNRELIABLE - DO NOT MEASURE
PR SWITCH N.O.
CONTACTS A B ¢ D
RELAY 1 CYCLE IS RETRACTED X o] X 0
RELAY 2 CYCLE IS EXTENDED X ] 0] X
RELAY 3 CYCLE IS EXTENDED (o] X o] X
RELAY & CYCLE IS RETRACTING 4 X X 0
110 V
RELAY
| 1} 1 Li ()
11 7 1 1 U/
A [o] B D
RELAY
| 1 l It {\
=1 r g 11 2
A (o] D 4\‘”/
RELAY
‘i ]1 IF Il
1 | ! 3
A B C D \\‘/
RELAY
{— — ©;
B o D A
PLATE XIV
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SUMMARIZING

L]

Four modes can be extracted
and so require the stepper
to note feedback before
going ahead.



APPENDIX III

Sunmary of Computer Programs and Stress Analysis
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GENERAL

Our utilization of the IBM 1800 computer for design
studiers and for stress analysis studie. is, ve believe,
unique for the press industry, It enabled us to include
in our programs the effect of more variables than are
usually accounted for when designing this type of equip-
ment,

The prime advantage, of course, is the assurance
that the final design is the most satisfactory possible
from the alternatives. However, we feel trat further
refinement of the computer design technique would provide
an accurate and rapid method of sizing other presses,
both upward and downward from this particular design.

This summary of the various computer programs and
their results is therefore included in this report.

This information plus copies of the actusl.computer
print-outs was submitted as Data Item BOO3 under the
contract, "Stress Analysis Report." For simplification,
the actual computer print-outs are omitted from this
report.

Program I -~ Study of Initial Velocity vs. Basic Parameters
Of Fire Pressure, Stroke, Net Impact Time and

Energy

A simple program was written which would store design
inputs of dimensional data, volumes, weights and varying
gas pressures, The program then would yield outputs of
impact velocity, exact point of collision, impact time,
final reduced pressures due to adiabatic gas expansion

and total net energy developed as a printed out quantity.

It would compute this data to a great accuracy since
it made individual computations for units or time as
small as 1/10,000 second, "DT" being an input quantitys

In this Fortran Plan, U=Cup friction and the simple
cushion system parameters of diameter and pressure are
taken into account along with allowance for tooling
weights, "Toolwt."
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No. 1 FORTRAN

READ(2,1)VOL, URIUT, DRINT, STR, TOOLM , URFP, DRFP, DT, URDIA, DRDLA, 5P, 8D
1 FORMAT(1F6.0,2F5.0,1F3.1,1F5.0,2F4.0,1F4.4,2F2,0,1F3,06,1F3.2)
URMAS = (URIM T+, 333%TOOLY )/336.,
DRHAS=(DRIMT+.6GG*TOOLY )/386.
2 Tag
URSTR=0
DRSTR=0
URVEL=0
DRVEL=U
URP=URFP
DRP=DRFP
DRA=,755+DADI A2,
URA=.785+URDIA**2,0
3 T=T+DT
URTHR=URP*URA-URP#URDIA*,2+,333%TOOLL +URINT
SETFO  =(.785#%SD*w2,)#5p
DRTHR=DRP*DRA-DRP*DRO v *. 2=, 6G6*TOOLW +SETFO-DRIWT |
URACC=URTHR/URNAS ~
DRACC=DRTHR/DRNAS
URVEL=URVEL+URACC*DT
DRVEL=DRVE L+DRACC*DT
URSTR=URVEL*DT+URSTR
DRSTR=DRVEL*DT+DRSTR
URDIS =URSTR*URA
DRDIS =DRSTR*DRA
URP=URFP*(VOL/(VOL+URDIS))**1. 4
DRP=DRFP*(VOL/ (VOL+DRDIS) ) **1. 1
IF (URSTR+DRSTR=-STR) 3,3,4
W RELVE =URVEL+DRVEL
EN=((.5*URIMAS*URVEL*#*2,)+(, 5*DRNAS*DRVFEL**2,))/12,
LWRITE(1,5)DT
5 FORMAT(LSHCBLOV SINGLE UPPER AND LOWER RAN VELOCITY STUDY, 2X,
110HTHIE JTHTEG,FG. 4, 3HSEGC//)
WRITEC1,G)URDIA,DRDIA,STR, VOL
& FORIMAT(SHURDIA, F4.0,1X, SHDRDIA,FL,0,1X,13HSTR TO I1iPACT, 1X,F5.1,
11X, 8HFIRE VOL,F8.0/)
LWRITECL, 7)URNMT, DRIMT, TOOLM, SP, SD
7 FORMAT(SHURIT,F7.0,1X, SHDRIMT, F7,0, 1%, CHTOOLUT,F7.0, 1, CNSFT PR,
11X,F5.0,1X, 7HSET DIA,F5.2//)
WRITE(1,8)
8 FORMAT(9X, HFIRF, 3X, SHFINAL, 2X, GHSTROKE, 1X, SHVFLOC, 1X, GHIIIPACT, 13,
13HUZT, 1X, GHENERGY, 23X, UHTHIF)
VRITE(1,9)
9 FORMAT(10X, 2ZHPR, 5X, 2HPR, 12X, 201111, bX, BHTIIE, 14X, OH I HCRENINT)
WRITE(1,10)
10 FORMAT(10X, 3HPS1, 3X, 311PS1, GX, 2H111, 41X, 311SFC, 3X, 31'SEC, 3X, GHFT LIS,
16X, kHSECS/)
WRITE (1, 11)URFP,URP, URSTR, URVEL, T
11 FORNATC(YHUPPER RAN,FG6.0,1X,F6.0,1X,F6,2,1X,F5.0,1X,F5.3)
WRITE(1,12)DRFP, DRP,DRSTR, DRVEL, T
12 FORUATCOIHLOVER RAM,Fb.0,1X,F6.0,1X,F6.2,1%,F5,06,1%,F5.3)
VRITECL,13)STR, RELVE, T, EN, DT
13 FORIATCGHTOTALS, 17X, F6.2,1%X,F5.0,1X,F5.3,2%,F9.0,3%X,F6.4)
CALL CXIT
i)
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DISCUSSION OF RESULTS

Our first print-out gave velocities and energy
approximately within the specifications for 1500 psi
fire pressure.

It became evident that the assumed ram weights were
slightly excessive in relation to our efforts to attein
specification velocity. We now felt that we must study
the shaping of the counterblow ram system with an eye to
reducing unnecessary weight and so attain the highest
velocity possible to enable us to comply with the speci=-
fication,

At this time we had an indication that our fire
volume was excessive and it remained for future Programn
ITII to develop further machine parameters,

We also developed a program concept for determining
exact cushion system parameters, Program IV, by rebuilding
the Fortran of Program I to take into account high fluid
flow to the cushion systems and an exact accounting of
cushion thrust with High Reynolds Number,
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To fully understand the input dimensions, refer to
drawings "Dimension Key" and "Load and Moment Arm Key,'
AA=10521 -and AA-10522.

Although bolster section was set up as an I-Besam,
it can be programmed as a s80lid bolster by merely
making the flange thickness "FLGTH" equal to 1/2 the
bolster thickness "BOLTH,"

The progrem will compute the weight of any size
column and bolster asscmdbly and give breakdowns of
the weight distributions.

The abbreviations are almost self-.explanatory on
the weight breakdowns.

FLGWT - Flange weight = bolster I-Beanm

WEBWT - Wedb weight « Bolster I-Bean

GUIWT - Total weight of guide portion

FILLWT - Weight of fillet radius blend
portions

HOLE - Hole in column if used; if not

used, input = 0

TOOWT - Tool weight (This effects inertia
stress and velocity for any given
Energy Input.)

BOMIX - Moment of inertia of the bolster
section. (Uses the 75" ram width
and computes the cube of the

"BOLTH" depth of ram taking into
account I-Beam design when
applicable.)
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COMPUTER PROGRAM II

Fortran Plan Descriptive Notes on
Program Studying Ram Weight Vs. Inertia Stress

Ram.-Diagram Included Depicting Moment Arm
and Force Abbreviations Used in Fortran Plan as
Dimensions
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General Discussion of Printout Data

Particular Discussion of Printout Data
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General Discussion

Basic relationsuips between flexure stress, FLEXS,
in the critical section of the rams were studied as
they varied with severe hard shots. A "hard shot"
being & blow with a small amount of metal deformation,
and a high number of (G)s "DEACCEL." The smaller the
deformation, "STOP," the harder the shot and the higher
the flexure stress of the portion of the rams beyond
the workpiece, "BILLW."

This flexure stress, which is ti limiting criteria
of any .high velocity machine, determines a safe upper
level of operation with respect to the hardness of the
shot or severity of the blow, This is usually discussed
in terms of "G" level which is the primary reaction of
the rams to the forging load and is printed in the
first column of output sheet,

This progran for any particular .et of dimensional
inputs and die dimensions yields an sutput of varying
tonnages. These tonnages or tool reactions are then
related to "DEACCEL (G)s" = Decelarstion 'G' level,
Y"PLEXS" - Flexure stress which is limiting, "CSTRE" -
Compressive stress due to the weight of the column,
"DEACC" = Deceleration time, and "STOP" - actual
metalforming stroke required to generate the particular
load at any particular impact velocity printed above
"STOP,"

Particular Discussion

Note that in Printout 112, negative moments give
rise to an unnaturally reduced flexure stress, Data
inputs were corrected to yield more conservative values
of flexure on Printout IIg3,

Printout II3 is a realistic run of a solid ram operat-
ing at a reasonable impact veleccity. Note that velocity
has been reduced from 350 to 320 inches per second per
each ram.

51



Note that field of the maximum angle has been
increased to three places to show elastic curvature
of the bolster section under high 'G' loading. The
small deflections shown are due to the veight-moment
relationship of the portion of the bolster extending
beyond the assumed vwidth of tooling of 45", The
previous run, IIo, was based on wider tooling width
of "BILLW" - 50", This was the prineipal data change
that resulted in elimination of the negative moments
on Printout II, previously discussed.

Sunmarizing, Program II yielded significeant
results. Using the outputs of Program I, :am
diameters and impact velocity, and varying ram
bolster thicknesses and plan vievw dimensions as
inputs, we investigated key stress and deflection
resulting from soft to extrem:.iyv hard blovs, The
range investigated was from 250 to 2,250 G's,
corresponding to tooling tonnages of 9,424 to 8L,818
at impact velocity of 640 to 700 inches per second.
Note that at 1,000 G's,, the stress levels in flexure
of the solid ram, exhibit 2, is a safe 10,387 psi
with an assumed billet or die width of 50". The
corresponding tonEsge that is produced is 37,697
with a total metal deformation of twice ,158" or
.316", It is interesting that this blov takes place
in the 5/16" of metal movement in approximately
1/1,000 second at an impact velocity of TOO inches
per second.

What is particularly sttractive about this progran
is that any bolster configuration can be readily
progranmed so that resultant weights of bolster and
column are machine cslzulated along with the resultant
stress's produced on the rams when hitting a particular
forging of known width, "BILLW."

The weight moment effects of the bolster wvere sub=-
divided and printed out so that an unusually bad
condition of overhang could be pinpointed quickly.

The overhang of the ram was divided into three parts.
The central section having parallel sides vwas considered
with respect to the widest portion of tooling designated
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"BILLW." Then 1if there was a positive moument of this
section causing flexure it was computed and its
Moment Arm about "BILLW" was designated "CEMOA."™ A
negative sign indiceating that the width of the
parallel sides vas smaller than "BILLW," e.g. BILLW =
50 and BOLFL = 47 1/2, & minor negative veight

moment occurs which ve first thought tends to reduce
the flexure moment stress by a minor amount. Errors
resulted dve to improper Fortran interpretation of
this negative moment, The errors resulted in an
artificially reduced flexure stress readout labelled
"FLEXS" on the printout vorksheet which ve felt was
not conservative, Exhibits are included to show the
reinterpretation of this negative moment and its
effort on the printout flexure stress. Note that inmn
exhibit F=3, the negative moment sign is deleted from
the breakdown of weights and their moments and the
resultant flexure stress level prints out at a higher
value which we feel is more conservative interpretation,

. That leaves the guide portion and the intermediate
gradually tapering portion to be considered, The
veight of the guide portion and its respective flexure
moment arm about the extreme edge of the tooling are
designated "WTGU"™ and "GUMOA" respectively. Counterpart
quantitietr for the intermediate section are designated
"WTINT" end "RIMOA",

The flexural resistance to both stress and deflection
is proportional to the moment of inertia of the bolster
at the critical edge of the tooling. This value along
with a complete breakdown of all inputs and computed
veight distribution for the ram column assembly are
printed out by the computer in printouts for Progranm
II denoted II;, II, and IIg3.
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COMPUTER PROGRAM III

Plan and Review of Final Results
Machine Design Stress
Analysis of Key Members
Review of Overall Results Along with

Explanstions of "Soft" Items Not Directly
Ansvered by Computer III3 Printout
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Detail No., I Column

After many triels & column ram and cap diameter of
24" and 36" was chosen. The ram diameter wvas principally
chosen as & result of kinetics studies in I and IV to
accomplish rated specification parameters of energy and
velocity with pressures conservative enough to assure
results, If required, pressure levels could be increased
to 2000 PSI which has been past Dynapak criteria for fire
chambers.,

Wwith & total weight of rem and bolster of 70,000
pounds (determined as reasonable from programs I, II
and IV), the critical pressure in the upper fire chamber
needed to hold the upper ram in balance is 123 PSI,
The complex stress in this cap corresponding to an
approxinate 35,000 ton blow were investigated arcd found
to be a reasonable approximate 17,000 PSI stress due to
flexure, Many cep thicknesses wvere evaluated before
choosing one for ti e best combination of strength to
weight as evidenced .y 1luULC 'G' flexure stress.
Studies indicating the potencial column veight saving
with hollov construction indicate 55% reduction possible,
Such weight savings cannot be ignored when studying the
compressive stress at the root of the cclumn at rated
1000 'G!, Note that with the hollow construction the
compressive 1000 'G! stress at the base of the column
taking into account the cap is a reasonable approximate
17,000 PSI.

The first column connections studied were two member
column and separate bolster designs. An early program
in this III group was run for a column clamp plate se-
cured vith (2.) 4" studs., Both clamp plates, detail
number U, reached an excessive weight of approximately
11,000 pounds based on a 9" thickness, This design
takes into sccount leverage edge effects and assumed
full 1000 'G' reversal based on capability to take
particular hard shots. Joint vas designed to transfer
eccentric loading up to 10,000 PSI flexure in the major
column diameter and the excessive weight arose mainly
for this consideration.
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A program for & (k) tooth bayonet lock wvas considered
and preliminary Fortran Program written but was discarded
ip favor of a sow key lock, The sov key lock being
similar in design to conventional hammer practice used to
lock tooling to beds,

The sow key design was successfully programmed and
proportions of an acceptable design wvere determinzad.
Design criteria here wns that key should withstand a
full 1000 'G' reversal. This criteria is conservative
since strain gage test.ng of this portion of the one
piece coluwn on our 1220 and 620 have never shown any major
'G' reversals, Reversals only occur at sections subject
to flexursl beam 'G' stresses at critical jJunctions of
Dynapak frames. A 1220 C test shot involving over 100,000
foot pounds vith less than 1/64" deformation was strain
gaged and showed only a simple compressive stress at the
Junction.

During the computer program, &« major forging vendor
furnished us with a quotation for a ocne piece ram-column.
By having a better alternative, ve ncw abandoned further
computer studies with the sow key ram lock in favor of a
simple one piece forging.

X=-Beam Detail No, III

The upper and lower X-beams are fabricated from
rolled 18" thick mild steel slabs and machined to 17"
thickness. Note under maxiaum thrust corresponding to
a 1.3/1.0 overload ratio maximum flexure stress developed
in these X-beams equals approximately 10,500 PSI, This
calculation takes into account the anchoring pattern of
the main side frame studs and the centroid of the fire
chamber reaction tierods which transmits the thrust
reaction to the X-members.

The simple tensile and hoop stresses in many of
the machine members vere caiculated based onl.3/1.0
over-pressure load. Stresses vere based on actusal root
ares and simple hoop stress criteria vhere 5, = I.D, x Press.
2 x Wall Thick
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Detail Stud No, VII

With regard to the studs sanchoring tie plates to
side members it was felt that many swmall heat treated
studs would be better than a few very large tierods and
nuts running through the entire length of the structure.
Foor experience on early Dynapaks with large nuts that
became frozen to tierods after a year of service affected
this decision.

The initial series of Fortran computations indicated
that our first sizing choice wvas too smell however, Hand
computations of the stud loading due to leverage after
increasing the number of bolts in the extreme leverage
nov reduced the flexure stress in the 3" - 8N alloy stud
from 90,000 PSI in the smaller fastemer to 17,000 PSI at
rated 1500 PSI fire pressure after increasing both the
size and number of fasteners in the extreme row, With
this change, we utilize (18) 3" studs per side member
so that the direct tensile stress due to maximum rated
thrust is only as follows: (Reference drawing 10523/A4).

At 2000 PSI F.P., thrust on each side member equals

452,159 pounds with a 24" diameter ram.

Root area of 3" - BN stud equals 6.6 inches based

on 2=-85" root diameter.

S¢ = th,lEg')- 3,800 PSI

It is clear that the simple direct stresses even at
overload of 1.3/1.0 are insignificant considering the
strength of the alloy - heat treated studs and helicoil
inserts used to tie down the basic freame components.

To get a high efficiency joint between the end members

and side slabs (6) 4" diameter dowels were used on each
slab connection (Reference 10523/B), Since these dovels
have generous bearing surfaces and are made from high
hardness shock resistant steel assume an allovadble shear
stress of 20,500 PSI to develop resistance to side loading.,
The total side resistance of the dowels not counting
frictional drag of the main fastener end studs would be
equal to =

Sg1de = (12)(10 1/ TSI)(42 x ,78k)

Sgide ™= 1,550 Tons
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The total frictional load due to & 20,000 PSI
prestress on the (36) 3" studs clamping the end plates
to the side member assuming a friction factor of .3 is -

Fr stde * (36) 6.21 x 10 Ton/in.2 x «3 = 680 Tons

The total resistance to side loading between the eud
plates and side members is approximately 2,230 tons
taking into account reasonable factors of safety.

To be conservative, neglect the frictional side load
capability of the main enchor studs above. Consider
vhat a dovel side resistance of apyroximately 1,500 tons
means in terms of eccentric forging loads. Note that
half this lcad is put into each « solid slab tower.

Considerations and Side Load Capabilit

Bendin

Because integral rams-=column: are utilized they tend
to reduce point loading or the gibs for off center loading.

!
i
2 Pe 'I!' 1 Pe

(2 Piece

Ram) H (For Integral

-

- - Ram)

1

R
Reduced 'H' Leverage "—+—.' Improved 'H' Leverage
2 Piece . Integral

Ram ’ Ram
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In eny c'blow machire reaction moments of upper and
lover ram systems will be equal and opposite and the
fixed structure is called upon to react these moments
within the gib guiding arrangement. Excessive gib
bearing stresses will cause stick slip under load and
so impair the efficiency of the process, It is for
this reason that the integral ram design was chosen
for both rams., The tremendous section modulus will
reduce gib loading without increasing the weight of the
rams. The only other method of reducing gib loading
under eccentric conditions is to make the height of
the box section much longer, Note that with the
proportions in our design a 36" deep section even when
contoured at the perimeter where it is unnecessary
and undesirable caused a resultant closing velocity
lower than contract specification with the specification
proportions of plan area.

Working backwards assume a one fooi stroke of each
ram prior to impact., Now stress the column in flexure
to a safe maximum value, say one half the minimum yleld
strength. For a maximum working stress of Lo,000 PSI
wvhat moment can column sustain.

—." i r— 24" Diameter

- '.5 AN RN :
See 10523/C : ~ENEH1 1=1/2 T,
— | L 5

See 10523/C & D

s.M, = ,1 D3
% - ol (2)4)3

= 1380 1in.3
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A 24" diameter ram has a section modulus of 1380 in.
The maximum force 'F' it can sustain is based on simple
flexure.

40,000 PSI = Sy, = M__ = F x 18"
S.M, S.M.

Solving tor F = 1,380 x h0.000 = 3,050,000 Lbs, or
1 1,525 Tons

Now consider the effect of this tonnage acting as
a couple to the furthest extreme gib shoes. The
bearing pressure of these shoes under this arbitrary
side moment load will be as follows on the 11 x 5 1/2
area sets of gib shoes,

Sy = 162 Tons = 12,9 TSI
51/2 x 11

The bearing area in the main bushing under the same
loading will be -~

Sy, = 152 = 3,6 TSI
b -E-i-zr
18 x 2

Making the shoes much longer would not help due to
the elastic conditions in slabs under the action of
these huge loads,

To insure low friction and minimum wear under
relatively high gib pressures hard facing materials
of differing hardness and alloy are to be plasma
sprayed on both the gib rail and ram wear shoes,
These surfaces will be 56=61 Rc Colmonoy #6 chrome
boron nickel for the rail and 45«50 Re Colmonoy #5
somewhat lover alloyed than #6 for the shoes, Their
inherent controlled porosity will allow the retention
of high pressure lubricants such as MO S5,

Getting back to the stresses under the maximum
flexure condition, Next consider the means of trans-
mitting lateral side load from the 18" thick end plates
to the 26" thick side posts. Although we utilize (36)
3" studs in each end plate to make the conrection to
the side posts, neglect the considerable side friction
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developed by these studs. This friction will be
approximately -

7. = (36) 6.2 1n.2 x 10 Ton/in.? x .3 in. = 680 Tons

The side load neglecting this friction will produce
a shear stress of 10.2 TSI on the (12) 4" diameter solid
alloy dovwels installed to get great rigidity at the
principal corners of the structure.

Sg = 25 Tons = 10,2 TSI
Dovels (12; EZ x .185

To complete the stress picture in the 26" thick
side slab consider the effect of this load. Each
nominal side slab has a section modulus of 9,200 in.3

z = pa? b = 82
4 a = 26

The resultant flexure stress on the side members
approximately 4' dovn from the top is 8,000 PSI.

Sp = M = 762 x 2000 x 48 = 8,000 PSI
Z 9,200

Choice of T62 tons, half the total side load of
1525 tons, vas due to the action of both vertical
slabs to divide any side load transmitted through the
top ram bushing by the 24" dismeter column,

Note that for eccentric loading 90° away from the
axis discussed, the side members will be stiffer and
stronger by the ratio of - 28,600 = 1,3.15:11., Therefore,

9,200
for the example previously cited the flexure stress in
the simple side post will be 8,000, only 2,500 PSI in the
strong axis. 3-15
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III Plen
Explanation of
Fortran Plan for
Machine Design
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The latest Fortran Plan is included here for
reference., The scope of this machine design task wvas
very vide. Note that this Fortran is written for a
tvo piece ram-column with a sow type of key.

Prior to this dasign, the present Fortran vas
written for bolted gland type of connection which

proved too ponderous to be practical,

Even the sov key lock which we have fully pro=-
grammed and proportioned is far inferior to an
integral ram design. When it was determined that
one piece integral ram-column was practically feasible,
we sbandoned all thought of any other alternative.

No further Fortran was programmed and hand computations
of design relationships of the one plece ram-column
to the total machine environment vere then made.

Summarizing

Fortran expressions for Progranm III attempted to
store as many of the designers key input specifications
as possible and relate them to criticel stresses im-
posed by a combination of static pressures and dynamic
inertis forces, With this scheme, it wvas felt that
danger arcas could be pinpointed early in the progranm,
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List of Key Design Statistics

(Refer to Drawing 10523)
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COMPUTATION VALUE

Net clamping ares of (36) 6.2 in.2 225 in.2
(36) 3" studs (root

diameter undercut) to

2 13/16 diemeter.

Shear ares of main (12) 12.566 150 in,2
structure dowels (12)

4" cisameter in both

principal planes.

Sect’cn modulus of ram 243 (,1) 1380 in,3
at base (before radius)
24" diameter

Total side bridge area (4) x 5 1/2 x 650 1n.2
(4) gibs and (1) ram 11 = 24o

bush., (Same in both 17 x 24 = 410

principal planes)

l. Section modulus of b = 82 9,200 4n,.3
side post (weak axis) d = 26

va2

2, Section modulus of b = 82 28,600 in,3

side post (strong axis) d = 26

O D 00 D GD €D Gk D SD D G5 Wk SR R Em 4N G2 W TR D D AR GR ED D SR SR G5 G5 D D N P GY w4 S UT D 5 =5 N GD S S5 BB A AP de en = G W =

3, Vertical load area 26 x 82 2,150 in.2

b, Axial stress in (3) U452 x 2000 210 PSI - Note

due to 2000 PSI thrust 2) 2,150 unusual stiff-

on 24" ram, ness and stability

as a guide housing.

S. Shear area of T-gib 3 x 170 510 in.2
retainer
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COMPUTATION VALUE
F 1, Shear area of T-gib 2 1/2 x 156 390 in,°
retainer, '
2. (17) 2" - 8N giv 1 13/6 root b4 in,2
bolts area at root area = 3,58
diameter in.2
3. Side nost key 1 13/16 x 36" 200 in,? single
(bearing area) x 3/side side post
(takes into
account

chambers)

The sturdy axis of the machine is actually front
to back rather than side to side, due to the 3 fold
stronger and stiffer side posts in this direction.
The dowels 'A' off course are equally strong in all
planes and so transmit their loading equally well
front to back,

Consideration of eccentric loading front to back
leads to an examination of how the gib holders (F)
are retained by a T-head ini egrelly machined into
slab Ec. Shear area Es in ithe side posts has been
purposely made stronger than its mating gib ledge
Fi1, 510 in.2 shear ares side post versus 390 in,
for the gib. The proportions of these tounges have
been selected to minimize flexure stresses and allow
relatively higher criteria determine design load

capability.
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Allow for the sake of visualizing wvhat is going
on, stressing of the (17) 2" gib retainer bolts to a
conservative tensile stress of 10,000 PSI at their root
diameters.

Therefore, on their pitch line one row of gib Rolts
will safely resist a force of 10,000 PSI x (Ll in.-)
440,000 pounds. Upon studying chart I, it will be
noticed however that the center of the gib taking the
loading from the ram has a greater moment arm about
the corner, 19 1/4", than the bolt leverage of 10 3/4",
Therefore, the bolt moment is reduced to, 10 3$h x

19 1

440,000 pounds, 245,000 pounds at the gib load line.
Summarizing this sustains 245 tons by use of the gib
bolts on two side posts against front to back loading,
wvhich is the strong side of the side posts.

Now consider the built in T=ledge which have a
favorable moment arm relationship towards loading in
the front to back direction, From chart II F-1l permit
6000 PSI shear to be applied to an area of 390 in,2
per side.post. Ton reaction is thea, 6000 x 390, 1,170,

2000
wvhich taking tnto account the favorable arms causing
turning of the gib corresponds to, 33 153 x 1,170
19 1
tons/gib x 2 gibs, 4,000 tons, Adding the slight
helpful effect of the gib bolts gives a safe resistance
to front to back movement of 4,245 tons.

This brings us to a consideration of how this load
will be tranamitted into the side posts; Chart II yields
the bridge area of this side post key F-3 and from this
area ve compute the maximum freame bearing stress under
the 4,245 front to back load as, L4245 x 2000 =

(2) 200
21,230 PSI. This is a very reasonable bearing stress
and a thicker key with a d€eper groove in the side posts
and gid retainer would merely increase flexure stresses
in the notch without any useful result. Longer keys of
course are possible but the present arrangement with
the (3) short lengths of key facilitate key and gibd
removal and access to replace the main rams,
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Summarizing Design Details
from Previous Text and
Referencing Them to Artwork
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(A) 18/conn, 3"~8M alloy steel studs L4340 35-38
Rc total separating resistance are:z based on (36) x
2 13/16 root areas equals 6.21 in.2 x 36 = 225 in.2
with relatively small alloy studs having minimum
tensile strength of 200,000 PSI it would be safe to
stress studs to 50,000 PSI at which stress they would
have a capability of resisting, 225 x 25 TSI, 5,700
Tons. The maximum thrust of our actuator at 2000 PSI
fire pressure being only 452 tons. Therefore, it can
be seen that the machine has a considerable margin of
reserve strength to accomodate undetermined eccentric
forging locads and still maintein stiffness required
for good guidance of rams.

(B) The (6) 4" diameter dowel per column offer
equals resistance strength to unknown loading tending
to nause translation and resultant loss of guidance
sgstem stiffness, Total shear area of (12) dovels is,
4e x .84 x 12, 150 in.2, at a shear stress of 20,500
PSI these alloy dowels take a 1550 ton side locad in
any direction.,

(C) The drawirg depicts the large section modulus
resisting rotating f :rces on the frame assembly, Note
this section modulus is 1380 in.3

(D) Each corner 5 1/2 x 11 area of 55 1n.2 ares
x U gets side means that 220 in.2 bridge area for side
loads on rails per ran,

(E) Weak axis section modulus of slab side frame
equals 9,200 irc.3

(F) HNote the manner of loading the slabs from
the gib holders utilizes the full strength of all
members by means of T-shaped projections of the slabs
and rectangular keys axially located., The strength
of the combination does not directly depend on gib
fastener bolt (F) which merely affix this member to
the slab sides (E). Slab T section impart a clamping
moment to gib holders which is favorable leverage
compared to gib loading of rams., Hence the ledge
strength of slab T section will be increased by the
ratio of their respective moment arms, 33 1/4/19 1/4,
1.7 to 1. The section modulus of the T shape (Fl) is
as follows =
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Z = bd b = length of gib holder = 156"
4 d = depth T section = 3

Z =156 x 9 = 235 in,3

The flexure moment arm is approximately 1/2 the
ledge T projection equals 1 1/2", Therefore, at
10,000 PSI maximum flexure the ledge can withstand
load P in tons,

10,000 PSI = P x 1 1/2" x 2000
235

P = 2}; x 5 = 780 Tons
1l 1/2

Multiplying this ledge T-gsection safe locad by the
favorable leverage ratio we Tind that the equivelent
load each slab can sustain is - 780 x 1.7 = 1,320 Tons.
Since there are twvo side members the total front to
back safe losding that can be applied to slabs (E)
based on interlocking T-section 1s equal to 2,640 Tons.
0f course this many slloy 2" gtuds attaching the gib
holder to the slab will considerably add additional
side load capability., Howvever, since the integral
T-section strength is so great, 2,640 tons with a
factor of safety of 5, we prefer to consider that
the Tesection is used to prevent the gib bolts from
seeing peak side loads can eliminat: bolt maintenance
attention due to stretching and lo.Jsening.,
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Column Cap
Jack Rbtating Device

Bor 11 = l6"Diameter
Fixed Trc. ocne

Pullback
Area = 167 in

#10, Rod Diameter .
=6 ./2

Fluid Passages

Ram Ejector

Upper and Lower
Rams Identical -

e
Ss.parate 5 1/2 —_—
square Gib Ram Shoes
Doweled and Bolted in
1t lace -— Cushion Cylinde
6 Diameter Ram
See Program IV
For Further
Explanatcion

Cap

134 MILLION FT. IB.
FORGING MACHINE

MODEL 2436
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Jack Stud #12
= 3" .

et e o

$tructure Stud Detail #7

Increased Over Computed Size to 3"

Jack wall Thk.

Wl 11 = 1=1/2,
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COMPUTER PROGRAM IV

Fortran Plan
Explanation
Dynamic Study
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Note that the results are similar tc Program I,
Many of the Fortran cards from I have been used to
form number IV program,

The I program has been modified considerably to
shov the more complex dynamics of the cushion system,

Inputs for the fire chamber system are identical to
Program I, The input date, however, had at this time
been brought up to date with the results of Programs
II and III.

Several cushion cylinder diameter trials wvere
selected before choice of 6" diameter cushion rams.
Larger and smaller rams would not satisfy tvo im-
portant sets of criteria,

First the pressure drop (DPIR) between the cuskion
tank and rams must te a small fraction of cushion
cylinder "set pressure,” This is necessary to avoid
cavitating the cushion system and so cause excessive
air entrainment. And secondly, the cushion ram must
have enough area to contain the after impact downward
reaction with safe and reasonable pressures,

A more sophisticated program built on top of
Program I was developed to> better understand the
physical parameters affecting the cushion system,

The following changes were made to Program I:

I - Program IV did not assume cushion pressure
to be constent, Instead it computed pressure
in the cushion cylinders as an output for any
size cylinder and plumbing combimnation of I.D.
and length, "DPIR" or pressure drop between
cushion tank and cylinders was printed out

for a simulated impact seen at intervels of
12/1000 seconds until impact.

II = Vigscosity of the fluid, friction factor
of ths connecting pipe and Reynolds numbers
during the very rapid advance of the fluigd
cushion system vere taken into account in
Fortran computations,

T7
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III - Friction on all U-cup seals vas computed
based on actual seal length, instant pressure
and friction factor of .2.

IV - Conditions after impact were also investie-
gated, Excess momentum and cushion pressures
required to safely de-accelerate bolster wvere
determined and printed out on worksheets.

The program also measured the dowvnward movement
of the rams immediately after impact., Pressures in
the cushion system required to produce the arresting
movenent sre input values to progran and are printed
out as "cushion relief setting.,” The time required
to arrest after impact movement for any particular
combinaticn of cushion cylinder diameter and pressure
was printsd out on readout sheet,

The printout indicated that criterias are reasonably
met., The maximum "DPIR" or pressure drop for the run
vas 338 PSI or approximately 56% of the initial 600
PSI in the cushion tank. On previous runs with an 8"
dianeter cushion cylinder "pDPIR" was greater than 100%
of cushion set pressure. For the 6" diameter rams,
cushion pipe velocity vas u ressonable maximum T)l feet
per second and corresponded to & Reynolds number of
85,037,

Cushioning after impact vhich is the primary function
of this system appears very attractive with the two 6"
diametcr rams.

A relief valve setting of 2500 PSI causes a de=-
celeration of both rams after impact of spproximately
1/3 of & 'G', resulting in s stopping distance of
approsimstely 1" in 61 milliseconds of time.

L.te that this program ylelds a maximum impact
velocivy of approximately 632 inches per scecond at
1,590,029 foot pounds approximate rated energy. The
conservative sspect being that only 1300 PSI fire
pressure vas required to produce rated energy. The
basic mechine has been designed to safely accomodate
2000 PSI fire pressure in both the gas ram and oil
hydraulic system,
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Discussion of IV2 Printout
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This last dynamic run was made to bracket the
capability of the machine. Note that fire pressure
has been set for its maximum design 1limit of 2000 PSI,
With cushion pressure set relatively high, 1000 PSI,
to reduce gravity offects on the lover ram an energy
output of 2,075,800 foot-pounds was developed taking
into account & computer integrated allowance for
U=cup seal friction during the adisbatic gas expansion
in both fire chambers. Also note that both rams met
very close to mid stroke so utilizing both Jack systems
efficiently, The machine still has additional reserve
energy capability since there is the possibility of
incressing the stroke an additionel 5 1/2". However,
it wvas felt that most forgings would have more ideal
and faster cycles with a 30 1/2" total metal forming
stroke. The percentage departure from ideal mid
stroke impact being only 3/u4" s 5%. It is interest-

15 1

ing to compare the effect of cushion system relief
valve setting on the arresting of both rams after
impact. Note that a relief valve setting of 2,673

PSI (AIMTE) completely absorbs the kinetic, 6,391
foot=pounds and potential, 175,196 foot=-pounds, energy
after impact. Also note the unususlly small excess
kinetic energy that is available after impact, 6,391
foot-pounds, that is only capable of producing s
dovnward after impact velocity of 20 inches per second
to the two ram systems. When the relief in the cushien
system is set at 3500 PSI the after impact downward
motion is arrested after s travel of only 3/8" and
takes only 38 milliseconds to come to a full stop.

The maximum flov over the cushion relief valve
immediately after impact is =

28,23 4n,2 x 2 cgls x 20"/sec x 60 = 292 GPM
231 in.3/gall

To insure best performance two relief valves will
be used, both of them having & 5000 PSI rating. A
1 1/2" direct acting Rexroth having unusually fast
response will be the prime setting and it will be
backed up by a 2" pilot operated denison, #RIV 32-535
set 50 PSI higher than the Rexroth in order to control
the initial pesk momentary surge. The supporting
pipe system will be adequately designed for 5000 PSI
to teke momentary peaks that will rise above the basic
setting of the cushion relief valves.

8o
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COMPUTER PROGRAM V

Hydraulic Accumulator System Computer Study
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APPROACH

A computer study, Plate XIII, of hydraulic systenm
characteristics, as Up and Down Jack time, to complete
s 36 inch stroke was varied from 1 to 13 seconds.

ESTABLISHED DESIGN CRITERIA AS AN INPUT TO COMPUTER
PROGRAM

From previous studies, the key dimensions of the
oil operated Jackc and gas rams were determined.

LIST KEY DIMENSIONS
1, Gas ram diameter 24"
2. Gas ram pressure (to

develop rated energy
of 1=1/2 million

footwpounds) -1400 psi
3. Jack piston diameter -16"
4, Jack rod diameter -6=1/2"

5. Maximum forging ram
stroke (Total) ~36"

COMPUTER PLAN (FORTRAN)

The plan was set up to take inputs listed adove
as key dimensions 1 through 5 and give an indication
of hydraulic system characteristics for different rates
of performance. The computer print-out wouid first
give the characteristics for a 1 second time to make
the complete stroke, and then add a seccnd %o the
¢ycle and print out nev outputs for the next uycle
time, e.g. 2 seconds, When the stroke time resched
13 seconds, 13 steps of data, additional stored input
data vas printed out and the program terminated.

Additional input data that was printed out covered
the followving numbered inputs, 1 through 6.

82



ADDITIONAL INPUTS TO COMPUTER PROGRAM
l. Pipe friction factor -,025
2, Plumbing data - Pipe I.D.
Pipe Length
(Branch pipe
Breakdown)
3. 0il cylinder piston and rod size

Lk, Gas ram diameter and pressure

S, Gas ram weight since the jack cylinder pressure
is partially determined by it

6., Accumulator charge pressure

BASIC CONCEPTS USED IN THE FORTRAN PLAN

1. Pipe Pressure Drop - Based on empirical pipe
data, friction factor and Reynolds number.

2, Cylinder Motion due to Accumulator - Based on
NET pressure in cylinder after computing pressure
drop abocve, balance pressurc to overcome & gas
cylinder lozd and F=MA,

3, "Lohm" Concept of Piping Resistance -~ Makes
pIpfng losses analogous to electrical resistance
and s0 lends itmself to simple analysis. Based
on LOEM Laws of "Lee Co.," Westbrook, Connecticut.

PIPING NETWORK ALLOWANCE FLOW RESISTANCE FOR VARYING TIME

Permissible piping resistance in Lohma for the com-
puted time and accumulator charge pressure. From the
Lohm values printed out as ULOHM and RLOHM, a comparison
of the actusl piping losses in Lohms can be determined
and Jjudgment made alout incrensing or reducing the
selected pipe zize or increase accumulator charge
pressure. Selecting pipe size is still & trial and
error procedure but the computer print-out eliminates
laborious hand computations involving network piping
losses.
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"TLOHM" OR TOTAL PIPING RESISTANCE PRINT-OUT MEANING IN
R TION T ULOHM

Actual piping network losses based on network of
input pipe dismeters and lengths, friction factor and
Reynolds Number was printed out as TLOHM, Since our
computations assumed a constant value for friction
factor, its value vas constant in the print-out,

NOTE that where the piping resistance determining
retraction speed, ULOHM, exceeds the value of TLOHM,
that time value is the limiting performarce that can

be obtained for the input conditions stated, In this
case, & three-second time for Jack Return requires a
piping resistance not to exceed +T16 LOHM with a 3500
psi accumualtor charge and 1400 psi Fire Pressure in the
gas cylinder, Since .716 LOHMS is only slightly greater
than the ,6 (TLOHM) value, the accumulator and plumbing
system can effect jack retraction in three seconds.

FORTRAN PLAN) REGENERATIVE VS, PREFILL COKNCEPT

A study of the computer print-out shecet, fifth
column, under the heading AGPMR indicates i<low rates
for accumulator rapid advance of the jack cylinder in
a regenerating mode, This initial idea has since deen
discarded in favor of a simple low pressure prefill
system to advance the Jacks into the rams after firing
for the following reasons.,.

DISADVANTAGES OF HIGH PRESSURE REGENERATIVE SYSTEM

1. Required additional high pressure valves and
piping.

2., Consumed 10 gallons of high pressure accumulator
fluid, thus reducing capacity for the main task
of retracting the Jacks against a gap resistance,
The main task requires 52 gallons.

ADVANTAGES OF A PREFILL SYSTEM

By utilizing & lov pressure nitrogen-fluid vessel
to advance the jacks without a losad, the above two
objections are overcome and a much simpler circuit
resulte,
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FINAL CIRCUIT

The final circuit is similar to Plate VII but
several modifications have been made as follows.
The nasw circuit is showvn on Plate VIII,

1.

A common set of accumulators to control
upper and lover Jjack systems eliminate
considerable redundancy and assures
reliability.

A single prefill vessel replaces the original
concept using four prefill vessels instead of
depending on the original short run for low
pressure drop, giant pipes, 8B-inch SCH ,80
carry exhaust and prefill fluid back to
prefill and gravity vessels locatad in a

pump room below the floor., In comparing
Plates VII and VIII, note that one prefill
vessel replaces four and one gravity tank
replaces two in the nev arrangement.

WATER HAMMER OR FLUID INERTIA EFFECT

The best feature of the circuit oan Plate VII has
been retained in regard to having the main control
valves 1, 2, 3, and their counterparts in the lowver
cylinder system 1A, 2A and 3A remaln close to cylinder

ports.

By keeping these valves as close to their

respective cylinder ports as possible, the inertis
effect of rapid opening is reduced to minimum pressure
override.
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APPENDIX IV

1 Electrical Control Systenm
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I. MAIN STEPPERS
The gutOIstic events are categorized as follows:
l. Main automatic sequence.
2. Jack rotary locks.
3. Preafill or jack rapid advance cycle.,
4, Jack retraction cycle.,

Each of these categories is controlled by a separate
stepping relay, insuring that all the events in each
category take place in the proper sequence. (See Charts
1 through b.)

The following explanation covers each separate
stepper.

l, IMT - tomatic

Note the automatic stepper coil and ready light
on lines 20, 21 and 24, The ready 1light on line 24
indicates that all principal safety features and initial
conditions have been met, The main safeties are that
both rams are retracted, RLS-1l, and the trigger vent
pressure is open to atmosphere, RPS=TV, indicating a
safe seal condition prior to rotating the jacks to
clear the rams. Secondary functions regarding the
main control pilot operated check are also moanitored.
If a pilot valve should mechanically stick, causing
one of these valves to open out of sequence, the
permission light would not advance to its No, 2
position on command, thus avoiding a possible malfunction,

From a study of each stepper logic cam chart,
it can be seen that a particular function must take
place before the stepper moves to its next number.,

For simplified trouble-shooting, all four (4) steppers
will be located behind a transparent panel in view of
the operator. In this way, a cycle arrest can be
quickly pinpointed to its cause by noting the stepper
numbers.
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2. Locks, Prefill and Jack Retraction
The Locks (Chart 2), Prefill (Chart 3), and

Jack Retraction (Chart U4) steppers sequence through their
cycles based on proper events occurring at proper inter-
vals. If a melfunction occurs, the stepper will remain
in its last numbered position, The operator can then
view the last numbered position through the transparent
pasnel and take proper action for subsequent trouble=
shooting.

II. CYCLE COUNT CIRCUIT RELAYS R10l1 - R10b

The heart of the electrics is the capability of
multi-hit utilization. The operator can set his
selection control for 1, 2 or 3 hits. The machine
will then recycle and the respective ejectors will
become effective only on the last hit.

In addition, the same count circuits will cut-in
the main accumulators for an energy burst as selected
from the control desk. Here again the operator can
set the time periods of accumulator energy release
by selector control from his desk.

III. EJECTOR TIMER CONTROL IN CONJUNCTION WITH MULTI-HITS

Selector Off-On on line 12 puts the ejector out of
cycle if not required. If it is required, the count of
number of hits selector must be set as desired. For
example, for three (3) hits, the count circuit is so
interlocked that a feed to the main Eagle timers, 192
TR's, line 175 and line 177, will only be energized if
twvo qualifications are satisfied., The first qualifica-
tion is that LM-2 on line 12 is closed. This will only
occur wvhen the ram starts up.

Hovever, one qualification is not sufficient to fire
the Eagle timers. Therefore, the press will hit three
times in succession before picking up the count relay
R103 on 1line 1Tk,

As the timer 1 TR times-out, an adjustable dwvell
occurs prior to ejection and subsequent to the Jacks
starting up. At the conclusion of this dvell, delay
contact 4=5 on line 176 fires the second timer, 2 TR,
in the same manner.
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BULLETIN 910C-1

CIRCUIT DESIGN CHART
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CIRCUIT DESIGN CHART amMT

k BULLETIN 910C-1
FOR BULLETIN 910 STEP SWITCH

JACK RETRACTION

-
=
=
=
- ol
x 1= i
HE
= i | =
EE! MR
- Hl_
- -
Eh H
= e e
g = |
e SIEI0
%E I H|H
- e | bl | b} el | el ] Bl | B
i e e Lt L
ﬂ—mt'“-‘-‘*ﬂ—h--=======
2 |

DP-RI-0
PE-EI-0
EPS-RI-D
ELE-1
EN-J

15 EOakil

HOL OF STEPS )

FREQ 80
STEPFIMG COMTACT STMBOL "0

w1, CATL

SYSTEM OFEHATION

ROTARY SWITEW STMBOL "B8° — 13 POV ___

-

HETRAGT

L]

-

-

L 3
HANTAL HOLD
HOME TO FOS, 1

L]

"

-
TYPE Wiy _MT
SERLAL bal)

VERTE 179
PRCLOMLIEE bfis

|liu'.n [
| "READY
g

92




DETAILED EXPLANATION OF COUNT RE}A!B
AND HOW THEY CONTROL BOTH EJECTCRS
AND ACCUMULATORS TWO AND THREK.
COUNTINé
1 _COUNT:

Count eslector awitch is turned to 1 count. "1 hit"
pilot light 1s energized. Thereafter:

1) Start button is pressed, energizing relay R-101
and 1 MT step switch

a) contact 3-101-1 closes.
bg Step switch 1MT advances to poslition 2.
c) Contact {MT-7 cloees, maintaining relay
R-101 circult, in series with contact R-101-1.
d) "1 cycle" pilot light is energlzed, 1indicating
first cycle is in progreses.

(Note: Start button contact must be closed for
period longer than 1/10 second).

2) Process takes place, cutting in step switches 2MT,
3MT and 4MT, as programmed, afterwhich 1IMT
completes its cycle, and self steps to position 1.

a) Contaoct 1MT-7 opens in poseition 1, acting as a
"gtop" button, and dropping out relay R-10l.
b) 1 cycle pilot light is deenergized.

Single cycle 18 concluded.
2 COUNTS:

Count selector switch 1s turned to 2 ccunts. "2 hit"
rilot light 1s energlzed. Thereafter:

3) Starting is accompllished as described in paragraph
2) above.

4) ©Process takes place, cutting in step switches 2MT,
3MT and 4MT, as programmed, afterwhich 1 MT
completes its vycle, and self steps to position 1.

5) In position 12, contact 1MT-8 closes, energizing
relay R-102 and "2 cycles" pllot light.

a) contact R-102-1 opens, deenerglzing 1l cycle pllot.

b) Contact R-102-2 closes, placing this contact in
parallel with contact 1MT-T.

¢c) Contact R-102-3 closes, maintalning relay R-102
circult.

d) Contact R-102-4 cloges, setting up relay R-104
for later energization.
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2 COUNTS: (cont'd)

6) On arriving in position 1, even though contact 1MT=7
opens, relay R-10l1 does not drop out, as contact
R-102-2 shunts open contact 1MT-T.

7) Step switch IMT immediately steps to position 2.

R) Second cycle process takes plece, cutting in estep
switches 2MT, 3MT and 4MT, as programmed, afterwhich
1IMT completes 1ts cycle, .nd self steps to noaition 1.

9) In position 10, contact 1MT-10 closed, energlzing
relay R-104:

a) contact R~104-1 opens, removing shunting effect
of contact R-102-2 zround contact 1MT-T.

L) contact R-104-2 closes, maintaining relay R-104
circult.

10) Now opening of contact 1MT-7 in position 1, acts as
“"stop" button and drops out relay R-101.

Contact R-10l-1 opens, also deenergizing relays
R=-102 and R-104, and 2 cycles pilot 1iight.

All holding circuits are removed, and process is
in its Qeenercized position.

Two cycles are conclwuled.
COUNTS:

count selector switch is turned to 3 counts, closing
different contacts on various linees. "3 hit" pillot
light is energilzed. Thereafter:

11) Starting is accomplished as described in naragraph
2) above

12) Process takes place, cutting in step switches MT,
3MT and 4MT, as programmed, afterwhnich 1IMT
completes its cycle, and self steps to position 1.

13) In position 12, contact IMT-8 closes. energizing
relay R-102 and "2 cycles" pillot light:

a) Contact R-102-1 opens, deenercizing 1 cycle pllot.

b) Contact R-102-2 closes, placing this contact in
parallel with contact 1MT-7.

c) Contact R-102-3 closes, maintaining relay R-102
cirouit.

d) Contact R-102-4 closes, but has no effect in
the circuit.
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3 COUNTS: (Cont'd)

14)

15)
16)

17)

18)

19)
20)

21)

22)

On arriving in position 1, even though contact 1IMT-7
opens, relay R-101 does not drop out, as contact
R-102-2 shunts open contact 1MT-7.

Ste, switch 1MT immedistely steps to position 2.

Second cycle process takes place, cutting in step
switches 2M", 3MT and MY, as programmed, afterwhich
IMT completes its cycle, and self steps to position 1.

In position 11, contact 1MT-9 closes, energlizing
relay R-103 and "3 cycles" pilot light, ladicating
3rd cycle in progress:

a) Contact R-123-1 closes, plicing this contact 1in
parallel with contact IMT-T7.

bg contact R-103-2 opens, deenerglzing 2 cycle pllot.

c) contact R-103-3 closes, malntalning relay R-103
circuit.

d) Contact R-103-4 closes, setting up relay R-104
for later energlzatlon.

On arriving in position 1, even though contact 1MT-7
opens, relay R-10l1 does not drop out, as contacts
R-102-2 and R-103-1 shunts open contact 1MT-7.

Step switch 1MT immedlately steps to position 2.

T™hird cycle process takes place, cutting in step
switches 2MT, 3MT and 4MT, as programmed, afterwhlch
IMT completes its cycle, and self steps to posltion 1.

In position 10, contact 1MT-10 closed, energlzing

relay R-104.

a) Contact R-104-1 opens, removing shunting effect
of contact R-102-2 around contact 1MT-7.

b) Contact R-104-2 cloges, maintaining relay R-104
circult.

Now oeening of contact 1MT-7 in position 1, acts as
"stop" button and drops out relay R-101.

Contact R-101-1 opens, also deenergizing relays
R-102, R-103 and R104 and 3 cycles pllot light.

All holding circuits are removed, and process is
in 1ts deenergized position.

Three cycles are concluded.
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JACK, EJECTOR AND COUNTERBALANCE ACCUMULATOR BY-PASS
CONTROLS

These three identical systems are controlled by a
high-lovw pressure switch which puts the respective
pump on Pr until the accumulator is charged. VWhen
the accumulator ie charged, the high Pr switch contact

opens, thereby ue~energizing the by-pass relay and
solenoid,
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PREFILL VESSEL

The "Sonac” level control devices are located in
the walls of the vessel in s vertical array. When the
fluid level is low, relay R-PRE-L and light L=PRE=L
are energized sutomatically. The energizing of this
relay causes R=15 and SV=15 to be energized, filling
the prefill vessel from the Jack accunulator bank,
When the fluid level reaches a point above the lovest
Sonac, the lower light, L-PRE-L, goes out, The level
contrinues to rise until the center Sonac is actuated,
energizing the center 1light, L=-PRE=C., If, for some
reason, the level convinues to rise, possibly due to
leakage, the upper Sonac, LC=1=H, will be actuated.
This Sonac will light L-PRE=H and emnergize relay R=-PRE=H,
When all three Sonacs are actuated, relay R-1l and its
holding contact lock~in., This high level condition
energizes the sequence relay which extinguishes the
center 1ight until the fluid level falls to the actuating
level of the center Sonac, causing the center light to
be illuminated again. Note that the level has dropped
due to R=-PRE-H and relay R-l14 energizing the drain
valve SV=1k, causing the excess prefill fluid to empty
into the gravity tank.
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GRAVITY VESSEL CONTROL & LOCKS OPEN ALARM

If either high or dangerously lowv fluid level
occurs in the gravity tan’, an audio alarm will sound.
The same warning occurs if 1 TD times-out befors the
normal time required for lock opening. (See line 203.)
Note that stepping contact 2 MT-2 corresponds to the
normal sequence steps for opening the locks. Therefore,
if 1 TD timese~in while the 2 MT-2 is still closed, the
alarm will sound, The operator can silence the alarm
by depressing the silence push buiton, Hovever, the
relay system retains a memory effect for the malfunction
and stores the malfunction date through relays R=105
and R-106 and their respective pilot lights,
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COMPRESSOR & MOTOR CONTROLS

Both compressors are controlled by a dual pressure
swvitch which connected to the high pressure receiver.,
The circuit is high=-low enadbling automatic cute=in and
cut-out of the compressor depending on the setting of
the Pr switch., The Pr switch aust be mounted adjacent
to the receiver Pr gauge on %“he console so that settings
can be made easily., A four position selector, SM-CM=1l-2,
controls both compressor motors,
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EJECTORS - TOP AND BOTTOM

CIRCUIT FEATURES:

8)

b)

c)
a)

e)

£)

Tjection may be omitted from automatlc operation by
selection. Fjection would, in this event, be
accomplished by manual mode.

Fjection top and ejection bottom, are entirely
independent operations. Either one or the other,
or both, may be omitted.

This independence 18 extended to the difference in
timine intervals that may be saet for each one.

Both manual and automatic operations are programmed
by step switch 4MT.

In automatic operation, ejection will take place

After every single cycle.

After the second (last) cycle ONLY of a
selected two cycle operation.

After the third (last) cycle ONLY of a
selected three cycle operation.

The ejectlon sequence, &8 described in paragraph
e) is a function of the setting of the count
selector, and sutomatically preduces the operation
of last cycle ejection.

AUTOMATIC OPERATION - 1 HIT:

AU A Y

Of:-On selector 1is turned to "on." Count selector
switoh is turned to 1 count. Thereafter:

1)

2)

3)

4)

5)

At proagrammed volnt, contact 4MT-2 closes, energizing
timer 1TR. Thie 18 a delayed interval.

contact 4MT-2 closure may be sustained at thie point,
or may have open, but is effective elther wey, as
alternate holding circult hes been set up in the
timer.

On "time out" of Timer 1lTR, 4 - 5 contact transfers
to 4 - 3 to supply pulse start to timer 2TR, which
is energilzed and maintained by its own holding
circuit.

Relay R-12 (top) 1s energized, 1ts contacts closing
in turn, to energize Tjection Top solencld valve.
Fjection takes place.

When timer 2TR "times out," the ejector circult 1is
tripped to its deenerglzed poaition.
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TJECTORS
2 HIT CYCLE
AUTOMATIC CP=RATION:

Off-on selector is turned to "on." Count selector
switeh is ‘urned to 2 cycles. Thereafter:

6) On first cycle, contact 4MT-2 closes, but produces
no signal, as count selector switch 1s open in
this position. Even though the count switch
second contact 1s cloged, s8tlll no slwnal to
eject 1s produced, as contact R-1C? is open.

7) Cn the 2nd eycle, and in preparation thereto,
contact R-102 is now closed. When contact 4MT-2
closes, operation proceeds pgs described in
paragraphs 2) through 5) above.

EJECTORS
3 HIT CYCLE
AUTOMATIC OPFRATION:

Off-on selector 1is turned to "on." Count selector
awitch 1s turned to 3 cycles. Thereafter:

8) On first cycle, contact 4MT-2 closes, but produces
no signal, as count selector switch is open in
this position.

9) On second cvcle, contact 4MT-2 closes, but produces
no signal, as count selector switch 1s open in
this position.

10) On the 3rd cycle initlation, and in preparation
thereto, contact R-103 is now closed. When
con.act 4MT-2 closes in this cycle, operation
procecds as described in paragraphs 2) through
5) above.
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ACCUMIULATORS - TWO AND THREE.

CIRCIIT FEATURES:

3)

b)

)

Accusuletors two and three are eachoontrolled by
salector svwitches lewended:

1 HIT 2 HITS 3 HITE
cff-on crff-on cff-on

rither one a~cumulator, or both, may he cntirely
eliminatad from cperetion, witr trree switches ‘off."

=ither accuntulstor 2 or 3 may operate -luring
1st, 2nd or Zrd cvcle, or at whichever point the
off-on selactor Lz turned to "on."

rceuniulator operetion must be consistent with

count selecter switch, e.:, if accimulutor selector
for the third hit ls turned tc on, and count
gelector eswitch is turned to "z tits," cycle will
terrinate after twc cycles, and ~ccumulrtor will
not operate (third hit not beins reached).

LUTOMATIC OPERATICN
ONE HIT
TITHER AGCUMULATOR;

1)

2)

3)
4)

5)

6)

One hit off-on zelector ewitca is turned “c "on."
contact =-1C2 is slso selective to cne hit, end
18 normslly closed during first cyecle only.

At procrammed roint, contect 4MT-4 clcses,
energlzing timer 2TD for delayed interval.

Timer 27D "times out," enersizing timer 2TD.

Relay R-19 (accumuvlstor 2 exemplified) ie
enerzized. Relay R-19 contacts close, energizing
accrmulator 2 solenoid valve for period as set on
timer 37D dlal.

Timer 3TD "times out," deenerzizing relay R-1¢
and, in tum, esccumulator 2 solenoid valvs,
terminating accumulator 2 operation.

Step switch contact 4MT-4 opens, as {MT step ewltch
responds to program.

Timers reset, and accumulator operation 1s concluded
for this one cycle.
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AUTOMATIC OPERATION (cont'a)
2ND HIT CYCLE
EITH"R ACCUMULATOR:

7) Two'hit off-on selector switch is turned to “on."
{Count selector switch is turned to 2 cr 3 hits.

Contact R-103 1s selective to two hits, and
ie normally closed i1 second cycle only.

B) Cycle proceeds as deescribed 1n paragrarat 2) through
6{, but in the second cycle only. .

AUTOMATIC OPERATION
38D HIT CYCLE
EITHER ACCUMULATOR:

9) fTwo hit off-on selector switch is turned o "on."
(Count selector switch is turned to 3 rlts.

contact R-103 in three hit selector cirzu't, 1is
selective to three hits, and 1s closed in third
cycle only.

10) c{cle proceeds ss described in paragraphs 2) through
6), but in the second cycle only.

Possible gccumulator operationa can take place as
follows:

Accumulator two: Similarily with
No coperation Accunulator three.
lst cycle only

2nd cycle only

Zrd cycle only.

lst and 2md

lst and 3rd.

2nd and 3rq,

lst, 2nd4 and 3rd.

The progressive closing and opening contact sequences
of relays R-102 and R103, makes the above circuit
combinations possible.

If accunulator actiona 1s desired during lst and 3rd
cycles: Relay contact R-102 N.C. 1is closed during first
hit only; hence no sccumulator action will take place
during the 2nd hit. Since relay contact R-103 N.O. will
be closesd in readinasss for the third oycle, accumulator
action will iake place during the 3rd hit.
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SOLENOID COMTROL

Note that all solenoids are protected by circuit
breakers, Common numbers are used betveen solenoids
and control relays for simplified identification,
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LOCK ROTATION

LOCKS OPEN

LOCKS CLOSED

JACK R.O. OPEN

PREFILL OPFN

TRIGGER~PRAM

TRIGGCR VENT-RAM

JACK OPEN

C'BAL. TANK
OPEN TO CYL'S

JACKS-INCH DOWN
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16LT

C'BAL. TANK PU

C'BAL. TANK
CLOSED TG T

EJECT. ACCUM.
RELIEF

EJECT. DIR.
TOP

EJECT. DIR.
BOTTOM

EJECT. ACCUM.
BLEED

PREFILL OIL
BLEED

PREFILL OIL
FILL

JACK PUMP
ON PRESS.
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JACK ACCUM.
DRAIN CLOSED

JACKS
INCH UP

ACCUM. 2
OPEN

ACCUM. 3
OPEN



SELECTOR SWITCH IDENTIFICATION

1ss MASTER MODE SELECTOR

2SS COUNT SELECTOR SWITCIH

3ss LOCKS MANCUAL

4ss PREFILI, MANUAL & JACKS RETRACTION
558 COMPRESSOR SELECTOR

6SS FIRE MODE SELECTOR

788 ACCUM. #2 HIT SELECTION - 1ST HIT
8ss ACCUM. #2 HIT SELECTION - 2ND HIT
9ss ACCUM. #2 HIT SELECTION - 3RD HIT
10ss ACCUM. #3 HIT SELECTION -~ 18T HIT
11ss ACCUM. #3 HIT SELECTION - 2ND HIT
12ss ACCUM. #3 HIT SELECTION - 3RD HIT
13ss EJECTOR TOP ON-OFF

14ss EJECTOR BOTTOM ON-OFF

PUSH BUTTON IDENTIFICATION

1PB STOP MOTION

2PB RESUME

3PB START

4PB PREFILL MANUAL BLEED

SPB PREFILL MANUAL FILL

6PB ALARM SILENCE

7PB MAIN COMPRESSOR MOTOR START
8PB MAIN COMPRESSOR MOTOR START
9PB SPLIT PUMP MOTOR STOP

10PB SPLIT PUMP MOTOR START
11PB FIRE
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1LT
2LT
3LT
4LT
5LT
6LT
LT
s8LT
9LT
10LT
11LT
12LT-T
12LT-B
13LT
14LT
15LT
l16LT
17LT
18LT
19LT
20LT
21LT
22LT
23LT
24LT
25LT
26LT

27LT

PILOT LIGHT IDENTIFICATION

1SV - LOCKS ROTATION

25V - JACKS K.O. OPEN

35V - PREFILL OPEN

45V - TRIGGER - RAM

55V - TRIGGER VFNT - RAM

6SV - JACKS OPEN

7SV - C'BAL. TANK OPEN TO CYCL'S
85V - JACKS - DOWN

9sV - C'BAL. TANK PUMP

10SV - C'BAL. TANK CLOSED TO T
118V -~ EJECTOR ACCUM. RELIEF
12SV-T - EJECTOR DIRECTION - TOP
12SV-B - EJECTOR DIRECTION - BOTTOM
13SV - EJECTOR ACCUM. BLEED

14§V - PREFILL OIL BLEED

158V - PREFILL OIL FILL

16SV - JACK PUMP ON PRESSURE
178V - JACK ACCUM. DRAIN CLOSED
18SV - JACK.INCH UP

195V - ACCUM. #2 OPEN

20SV - ACCUM. #3 OPEN

POWER ON

ONE CYCLE

TWO CYCLE

THREE CYCLE

ONE HIT

TWC HITS

THREE HITS
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PILOT LIGHT IDENTIFICATION

D)
28LT READY
29LT JACK ACéUM. LOWER
30LT JACK ACCUM. HIGH
31LT EJECTOR ACCUM. LOW
32LT EJECTOR ACCUM. HIGH
3Lt COUNTER BALANCE ACCUM. LOW
34LT COUNTER BALANCE ACCUM. HIGH
35LT PREFILL VESSEL HIGH
JeLt PREFILL VESSEL MEDIUM
37LT PREFILL VESSEL LOW
38LT FAULT ALARM ACKNOWLEDGE - GRAVITY VESSEL HIGH
39LT FAULT ALARM ACKNOWLEDGE - GRAVITY VESSEL LOW
40LT FAULT ALARM ACKNOWLEDGE - LOCKS FAILURE
41LT COMPRESSOR #1
42LT COMPRESSOR #2
43LT MAIN MOTOR STARTER
44LT SPLIT PUMP MOTOR STARTER
45LT PREFILL MANUAL
46LT JACKS OPEN
47LT EJECTOR TOP
48LT EJECTOR BOTTOM
49LT ACCUMULATOR #2
50LT ACCUMULATOR #3
S1LT LOCKS OPEN
52LT LOCKS CLOSED
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Rl: 201,201

R2: 206,206

R3: 208,208

R4: 210,210

R5: 163,212,212

R6: 168,214,214

R7: 169,216,216

R8: 218,218

R9: 124,220,220

R10: 125,222,222

R11: 27,119,120,224,224
R12T: 226,226

R12B: 228,228

R13: 230,230

R14: 135, 139,232,232
R15: 234,234

R16: 25,114,115,236,236
R17: 238,238

R18: 240,240

R19: 242,242

R20: 244,244

RELAY CONTACT CHART

R100: 6,22,35,53,77
R101: 8
R102: 8,9,12, 15,173,182,188,194
R103: 10,12,14,16,174,183,189,190,195,196
R104: 9,17
- R105: 140,142
R106: 143,145
R107: 146,148
R108: 73,75

R109: 87,88

SEQ: 129,130,136,137
1Cs: 151

2Cs: 152

IMs: 154

1sPs: 156

RLS-1: 23,29,37,55,85,161,169
RLS-2: 23,37,50,78,162,170,205
RLS-3: 44,55,161,204

R-PRE-C: 134,138
R-PRE-H: 134
R-PRE-L: 134,138
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RELAY CONTACT CHART

(CONTINUED)
RDP-PRE-C: 70 lmMT: 8,11,13,15,34,37,53,76,164,16
RDP-PRE-O: 62 2MT: 28,31,157,203
RDP-R.I.C.: 3MT: 27,30,41,67,73,74,80,158,159,
RDP-R.I.O.: 81 4MT: 32,41,59,87,89,166,167,172,18

188,194
RDP-R.0.C.: 68

RDP-R.0.0.: 60

RPS-LDC: 48
RPS-LDO: 42

RPS-LSC: 23,37,49,78,162,170,205
RPS-LSsO: 43,55,161,204
RPS-PRE-C: 25,39,57,71,80
RPS-PRE-D: 64,65

RPS-PRE-O: 63

RPS-R.I.C.: 25,39,57,78
RPS-R.I.D.: 83,84
RPS-R.0.C.: 25,39,57,69,78
RPS-R.0.0.: 61

RPS-T.V.: 23,29,37,55,161,170
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SOLENOID VALVE AND FUNCTION

VALVE NO. FUNCTION

sv 1 ROTATES TO CLEAR LOCKS

sv 2 JACK R. O. OPEN (TOP & BOTTOM)
sv 3 PREFILL OPEN

sv 4 TRIGGER RAM

sv 5 TRIGGER VENT RAM

SV 6 JACK R. I. OPEN

sv 17 C'BALANCE TANK OPEN TO CYCL'S
sv 8 JACKS INCH DOWN

sV 9 C'BALANCE TANK PUMP ON PRESSURE
sv 10 C'BALANCE TANK CLOSED TO T

sv 11 EJECTOR ACCUM RELIEF DEVENT
sv 12T EJECTOR DIRECTION

sv 12B EJECTOR DIRECTION

sv 13 EJECTOR ACCUM BLEED CLOSED

sv 14 PREFILL OIL BLEED

sv 15 PREFILL OIL FILL

sV 16 JACK PUMP ON PRESS

sv 17 JACK ACCUM DRAIN CLOSED

sv 183 JACKS INCH UP

sv 19 ACCUM #2 OPEN

sv 20 ACCUM #3 OPEN
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APPENDIX V

Miscellaneous
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I,

11,

GENERAL

A,

A letter estesblishing liaison betveen General
Dynamics and Lindberg Hevi-Duty, & Division of
Sols Basic Industries, is attached as Enclosure
No., 1.

Additional enclosures:

1., Enclosure No. 2 DYNAPAK Drawing 66«10
(Installation and Foundation, 1-1/2 Million
Foot Pound Machine, Model No, 2436).

2. Enclosure No., 3 DYNAPAK Drawving VD-181
(Rotary Hearth Purnace).

ROTARY HEARTH FURNACES

A,

B.

C.

F.

The rotary hearth furnace is considered to
present maximum flexibility of all types of
furnaces considered,

The furnace selected is not to be considered
a prototype design, since Lindberg Hevi-Duty
has already designed similar furnaces, smaller
in size, but of the identical configuration.

Future consideration should be given to eval-
uating the size of ingress and egress openings
dependent upon the anticipated tentative
forging requirements.,

It vas determined that tvo (2) rotary hearth
furnaces would be desirable for maximuam
production rate.

Each furnace is 20'«0" in diameter and has a
hearth width of 3'=2", (See Enclosure No. 3)
The heating capacity of each furnace is 5000
pounds per hour,

Each furnace has an atmosphere control, designed
by Lindberg, to reduce forging scale and to

insure precision of forgings.
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G.

Utilizing each furnace in conjunction with the
other would result in maximum output cepabdbility
at the same time retaining the potentisl of
reheating forgings if temperatures should de=~
crease excessively., For example:

1. Assumin: 200 pound billets are used, which
appears to be the normal sized billet, ome
(1) furnace could be atilized for preheating
the billets to a temperature delovw that
vhich creates excessive forging scale and
de-carb (approx., 950°F,

2. After preheating, the billets then would be
placed in the second furnace for further
heating to forging temperature (1850°F -
2150°F), HNctes Less time is required to
heat billets from room temperature %o 950°F
than from 9°0°F to forging temperature.,

3. Therefore, vith a heating capacity of 5000
pounds per hour, the following wvould apply:

000 1 hr, = 25 billets/hr., - prod. rate
200 1b, billet of 25 bils./hr.

Note: 5000 1lb./hr, is & conservative figure.
b, In retrospect, by utilizing both furnaces to
heat the billets from room temperature to

forging temperature, the production rate
vould be increased to 50 billets per hour,
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EE LIMORERS HEVI:DUTY

E—— 00, O0LA BAG NBLE TSN L}
TS MVING BT. ¢ RAWAY, NEW JERSEY 07088 * M-ONE S01-388-4404

Marcia 27, 1969

Zlectro Dynamic Div.
Genexal Dynamics
Dynapak Div.’

150 Avenel Ave.
Avenel, N.J.

Att: Mr. Milton Chapin
Gentlemen:

In accoirdance with Mr. Chapin's request, we are pleascd to st bmit
information on forge furnaces.

We are enclosing several pictures as well as drawing #62550, and tluese
will illustrate tihe type of equipment appropriate for your proposed
Dynapak hammer.

W#e would suggest that you consider the purchase of two of tiese
furnaces. These rotary firnaces are 20'-0" in diameter and have

a hearth width of approximately 3'-2". The hecating capacity of ecaci
is about 5000 pounds per hour. This will total in the nci;nborhood
of 10,000 pounds per hour heating capacity and is close to tiie figvre
we discussed.

The furnaces would be field erected and wien more specific figures are
availeble, we will work out loading and unloading metnods.

The cost for the furnaces will be approximately $210,000 eacu.

We hope the above preliminary information will be of help to you.
Please do not hesitatc to contact this office for any furtier
information we can supply you.

Very truly yours,

LINDBERG EVI-DLTY
Div. of Sola Basic Industries
/(:/( et &, ¢ “?_Ci}

GF:mf (encl) 138 George Fey-Sales Engineer
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Distridbutioa List

Distridution vill be in accordance vith the followving:

100 copies of the Final Report to AFML (MATP, Mr. L. Polley)
Wright=Patterson AFB
Ohio L5433

6 sets of design dravings to above address,
Additional- copies of Final Report to:

1l copy to ASNPD=30

20 copies to DDC

1 copy to EWASL

1 copy to Air University Library, Maxwell AFB,
Alabama 36112

1 copy to Hq USAF (AFCSAI)

1 copy to Hq AFSC (SCAP)
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